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(57) There are disclosed methods for producing fer- 
mented milk and whey that enable effective production 
In high yield of fermented milk and whey having high 
content of an ACEI peptide that is highly safe and appli- 
cable to pharmaceuticals, functional foods, health 
foods, and the like. The methods are: a method includ- 
ing the steps of mixing lactic acid bacteria and a starting 
material containing milk by stirring to prepare a mixed 



material, and fermenting the mixed material under stir- 
ring so that curd pieces and whey containing an angi- 
otensin converting enzyme inhibitory peptide are gen- 
erated, whereby fermented milk containing the curd 
pieces and the whey containing the angiotensin convert- 
ing enzyme inhibitory peptide is produced; and a meth- 
od including the steps of subjecting the resulting fer- 
mented miik to centrifugation and/or filter pressing to 
separate and recover whey. 
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Description 

[0001] The present invention relates to a method for producing fermented milk containing an angiotensin converting 
enzyme inhibitory peptide which enables effective production of fermented milk containing an angiotensin converting 
5 enzyme inhibitory peptide such as Val-Pro-Pro and/or lle-Pro-Pro, and to a method for producing whey containing an 
angiotensin converting enzyme inhibitory peptide which enables effective separation and production of whey containing 
an angiotensin converting enzyme inhibitory peptide. 

[0002] Angiotensin Converting Enzyme (abbreviated as "ACE" hereinbelow) is found mainly in lungs or vascular 
endothelial cells. ACE acts on angiotensin I (Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Pro-Phe-His-Leu), which has been 
10 generated by digestion with renin, to release a dipeptide (His-Leu) from its C-terminal, thereby giving angiotensin II, 
which causes contraction of vascular smooth muscle and has strong hypertensive effect. This enzyme also decom- 
poses and inactivates bradykinin, which has hypotensive effect. Such ACE produces hypertensive peptide (angiotensin 
II) and at the same time inactivates hypotensive peptide (bradykinin), so that it exhibits hypertensive effect. Therefore, 
angiotensin converting enzyme inhibitor (abbreviated as ACEI hereinbelow), which inhibits activity of ACE, has hyper- 
's tension inhibitory effect. 

[0003] As ACEI, there are known peptides having three to ten amino acid residues including Val-Pro-Pro (Japanese 
Patent No. 2782142) and a tripeptide lle-Pro-Pro (JP-A-3-120225). There is also known a peptide having ACEI activity, 
which is produced by digestion of milk casein by protease produced by lactic acid bacteria, and found in dissolved 
state In whey of fermented milk (J. Dairy Sci. 78, 6, pl253-1257, 1 995). 
20 [0004] Such peptides as ACEI may be taken in the form of fermented milk per se containing Val-Pro-Pro and/or lle- 
Pro-Pro. However, in view of the concentration and effective dose of the peptides as ACEI in the fermented milk, it is 
necessary to take a considerable amount of fermented milk. Thus, development of a method for producing fermented 
milk or whey containing a large amount of ACEI has been demanded. 

[0005] It is known that ACEI such as Val-Pro-Pro and/or lle-Pro-Pro is highly safe and thus can be used for pharma- 
25 ceuticals, functional foods, health foods, and the like. For producing Val-Pro-Pro and/or lle-Pro-Pro, there is proposed 
a method including the steps of culturing lactic acid bacteria in a medium containing peptides and/or proteins that have 
Val-Pro-Pro and/or lle-Pro-Pro units to prepare fermented milk, and purifying the fermented milk (Japanese Patent No. 
2782153). 

[0006] Conventional lactic acid fermentation, for example for production of typical fermented milk products such as 
30 yogurt, Is carried out by mixing starter bacteria and a starting material by stirring to form a uniform mixture, and then 
fermenting the mixture under static conditions in order to make the resulting product as a whole in the form of a curd. 
Such static conditions are believed to be required because, when a fermentation liquid is at reduced pH due to fer- 
mentatlveproliferatlon of lactic acid bacteria, application of vibration, such as by stirring or shaking, to such fermentation 
liquid will cause whey off and coarse texture of the resulting fermented milk products. Further, the lactic acid bacteria 
35 for the lactic acid fermentation are facultative anaerobic, so that their growth is often inhibited by oxygen. Accordingly, 
It has never been Intended at all to effect culturing under stirring during the period where the lactic acid fermentation 
under static conditions is required. In cheese production, too, the fermentation is carried out by mixing starter bacteria 
and a starting material by stirring to form a uniform mixture, fermenting the mixture under static conditions, and then 
coagulating casein by the action of rennet under static conditions, after which the reaction mixture is stirred and pressed 
40 for removing whey. 

[0007] Improvement in whey recovery is required for industrial purification of whey from fermented milk followed by 
concentration of its active components. A variety of methods for recovering the curd fraction from fermented mHk have 
hitherto been proposed, but effective separation of whey from fermented milk has hardly been performed to date. 
[0008] It is an object of the present invention to provide methods for preparing fermented milk and whey containing 
*s an ACEI peptide which enable effective production in high yield of fermented milk and whey having high content of an 
ACEI peptide that is highly safe and applicable to pharmaceuticals, functional foods, health foods, and the like. 
[0009] According to the present invention, there is provided a method for producing fermented milk containing an 
ACEI peptide comprising: 

so (A) mixing lactic acid bacteria and a starting material containing milk by stirring to prepare a mixed material, and 

(B-1 ) fermenting said mixed material under stirring so that curd pieces and whey containing an ACEI peptide are 
generated, 

whereby fermented milk containing said curd pieces and said whey containing the ACEI peptide is produced. 
55 [0010] According to the present invention, there is also provided a method for producing fermented milk containing 
an ACEI peptide comprising: 

(A) mixing lactic acid bacteria and a starting material containing milk by stirring to prepare a mixed material, 
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(B-1) fermenting said mixed material under stirring so that curd pieces and whey containing an ACEI peptide are 
generated, and 

(B-2) fermenting said mixed material under static conditions, 

s whereby fermented milk containing said curd pieces and said whey containing the ACEI peptide is produced. 

[0011] According to the present invention, there is further provided a method for producing whey containing an ACEI 
peptide comprising: 

(A) mixing lactic acid bacteria and a starting material containing milk by stirring to prepare a mixed material, 
10 (B-1 ) fermenting said mixed material under stirring so that curd pieces and whey containing an ACEI peptide are 
generated, 

whereby fermented milk containing said curd pieces and said whey containing the ACEI peptide is produced, and 
subjecting the fermented milk to at least one of centrifugation and filter pressing to separate and recover whey. 
15 [0012] According to the present invention, there is also provided a method for producing whey containing an ACEI 
peptide comprising: 

(A) mixing lactic acid bacteria and a starting material containing milk by stirring to prepare a mixed material, 
(B-1 ) fermenting said mixed material under stirring so that curd pieces and whey containing an ACEI peptide are 
20 generated, 

(B-2) fermenting said mixed material under static conditions, 

whereby fermented milk containing said curd pieces and said whey containing the ACEI peptide is produced, and 
subjecting the fermented milk to at least one of centrifugation and filter pressing to separate and recover whey. 
25 [0013] The present invention will now be explained in detail. 

[001 4] The present methods include the step of mixing lactic acid bacteria and a starting material containing milk by 
stirring to prepare a mixed material. 

[0015] The milk as a starting material may be, for example, animal milk such as cow's milk, goat's milk, or sheep's 
milk; vegetable milk such as soy bean milk; or processed animal or vegetable milk such as skim milk, reconstituted 
30 milk, powdered milk, or condensed milk. These may be used as a mixture. Such milk contains peptides and proteins 
having Val-Pro-Pro and/or ile-Pro-Pro units. 

[0016] The solid content of the milk is not particularly limited. For example, when skim milk is used for production of 
fermented milk, the milk solid-non-fat content thereof Is usually about 9 wt%. However, considering the productivity 
per facility, the milk solid-non-fat content is preferably raised to a certain degree in order to keep the production cost 
35 at a lower level. When the lactic acid fermentation under ordinary static conditions only is carried out at the milk solid- 
non-fat content of 13 wt% or higher, the viscosity of the resulting fermented milk becomes high, which will cause 
difficulties in separation of whey. Thus, the milk solid-non-fat content cannot be raised in the ordinary static fermentation. 
On the contrary, the methods of the present invention keep the resulting fermented milk at low viscosity even at the 
milk solid-non-fat content of 1 5 wt% or higher, since the fermentation in the present methods is accompanied by stirring 
40 as will be discussed later. Thus, whey can be obtained easily and efficiently. 

[0017] In the methods of the present invention, the starting material may optionally contain other materials than milk 
as long as the object of the present invention is achieved. Such other materials may suitably be selected from the 
materials conventionally used in production of fermented milk, depending on the desired results. 
[0018] The lactic acid bacteria used in the methods of the present invention are preferably those of the genus Lacta- 
ms bacillus. Examples of such lactic acid bacteria may include Lactobacillus helveticus, Lactobacillus delbruekii subsp. 
bulgaricus, Lactobacillus acidophilus, and the like. In particular, Lactobacillus helveticus CM4 (NATIONAL INSTITUTE 
OF BIOSCIENCE AND HUMAN TECHNOLOGY, AGENCY OF INDUSTRIAL SCIENCE AND TECHNOLOGY, Deposit 
No. FERM BP-6060, Deposition date: August 15, 1997) (referred to as Lactobacillus helveticus CM4 hereinbelow) is 
preferred as ACEI peptide-productive lactic acid bacteria. Lactobacillus helveticus CM4 under the deposit number 
so mentioned above has been accepted for deposit under the Budapest Treaty on the International Recognition of the 
Deposit of Microorganisms for the Purposes of Patent Procedure. All restrictions on the availability to the public of 
FERM BP-6060 will be irrevocably removed upon the granting of a patent. 

[0019] In the present invention, the lactic acid bacteria are preferably in the form of a precultured starter having 
sufficient activity. The initial cell count of the starter is preferably about 10 5 to 1 0 7 cells/ml. 
55 [0020] In the present invention, other microorganisms may optionally be added to the mixed material as long as the 
object of the present invention is achieved. For example, yeast may additionally be used for improving the flavor and 
palatabillty of the resulting fermented milk or whey as functional food, health food, and the like. 
[0021 ] Strains of the yeast are not particularly limited, and for example, yeast of the genus Saccharomyces such as 
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Saccharomyces cerevisiae may preferably be used. The content of the yeast may suitably be selected, depending on 
the desired result. 

[0022] In the methods of the present invention, the mixing by stirring for preparing a mixed material may be conducted 
by a conventional method so that the lactic acid bacteria and the starting material are uniformly mixed. Incidentally, 
5 this mixing (A) is a conventional step, and distinguished from the fermentation step to be discussed later. 

[0023] The methods of the present invention include (B-1 ) fermenting the mixed material under stirring so that curd 
pieces and whey containing an ACEI peptide are generated, or this fermenting (B-1) and (B-2) fermenting said mixed 
material under static conditions, whereby fermented milk containing the curd pieces and the whey containing the ACEI 
peptide is produced. 

10 [0024] These steps are for lactic acid fermentation of the mixed material. Conventional lactic acid fermentation has 
been effected under static conditions so that the mixed material as a whole turns to a lump such as a curd. 
[0025] In the methods of the present invention, the conditions of the lactic acid fermentation and the final acidity for 
terminating the fermentation may suitably be set optimally, taking the amount of the ACEI peptide to be generated into 
account, since the optimum conditions vary depending on the species and strains of lactic acid bacteria, as well as on 

's the milk solid content. For example, when Lactobacillus helvetbus CM4 is used, the optimum temperature is 25 to 40 
"C, and the duration of the fermentation is about 12 to 40 hours. The final acidity for terminating the fermentation is 
preferably about 1 .5 to 3 wt % (weight percent of lactic acid). 

[0026] In step (B-1 ), the fermentation is effected under stirring. When the lactic acid fermentation is effected only by 
step (B-1 ), the fermentation is effected under substantially continuous stirring. On the other hand, when the fermentation 

20 is effected by steps (B-1) and (B-2), each of the steps may be conducted at least once, and preferably conducted a 
plurality of times. In this case, the order of the steps is not particularly limited. The conditions for the stirring, and the 
conditions for the stirring and the standing may suitably be decided as long as a number of curd pieces and whey 
containing the ACEI peptide are generated in the fermentation step or steps. Preferably, such conditions may be decided 
so that the resulting mixture which contains the curd pieces and the whey containing the ACEI peptide has a viscosity 

25 of not higher than 20 cp, more preferably not higher than 1 0 cp. Here, the lower limit of the viscosity is not particularly 
imposed, but is usually about 2.0 cp. The generation of the curd pieces and whey can be achieved, for example, by 
setting the conditions so that the stirring is conducted while pH is lowered as the fermentation proceeds from about 
pH 5, at which soft curds are started to be generated, to pH 4.7-4.6, which is the isoelectric point of casein. 
[0027] With the conventional fermentation only by stationary culture, curd is generated in the form of a plain-yogurt- 

30 like gel that Is substantially contiguous all over the volume of a fermenter (tank). Such fermented milk curd cannot be 
made into a fermented milk of low viscosity as mentioned above by stirring the curd into pieces after the fermentation. 
On the contrary, with the methods of the present invention essentially including step (B-1 ), such a single curd bulk in 
the form of a contiguous gel is not generated, but curd pieces float, disperse, or precipitate in the whey. The size of 
the curd pieces may vary depending on various conditions and the kind of the lactic acid bacteria. For example, when 

35 the mixed material containing Lactobacillus helveticus CM4 is subjected alternately to the fermentation under stirring 
and the fermentation under static conditions, the size of the curd pieces will be about 3 urn to 5 mm. 
[0028] In the present invention, the fermentation is preferably effected so that the growth of the lactic acid bacteria 
Is not inhibited by excess oxygen, since the bacteria are facultative anaerobic. Accordingly, the stirring in the fermenting 
step is preferably carried out so that Increase in the amount of oxygen is suppressed that is dissolved in the fermentation 

40 liquid due to entrainment of air bubbles therein. For example, the stirring, when continued all through the fermentation, 
is preferably carried out at low speed so that the fermentation liquid is softly mixed and f luidized. Specifically, the stirring 
speed may be about 1 to 50 rpm. Alternatively, when the fermentation is effected by a combination of fermentation 
under stirring and fermentation under static conditions, i.e., by a combination of steps (B-1 ) and (B-2), the stirring may 
be conducted vigorously for a short time to cause entrainment of air bubbles in the fermentation liquid, as long as 

is increase in the amount of oxygen dissolved in the liquid is suppressed. 

[0029] Surprisingly, by suitably selecting the above stirring conditions, the fermentation under stirring according to 
the present Invention can provide fermented milk containing the ACEI peptide at the same ratio as or even higher ratio 
than the one produced only by the fermentation under static conditions, as demonstrated in the following Examples. 
[0030] According to the method of the present invention , fermented milk that contains a large number of curd pieces 

so and whey and that has a low viscosity and excellent workability, can be produced efficiently. Further, whey can also 
be produced efficiently from such fermented milk through the methods to be discussed later. 
[0031] In the methods of the present invention, the fermenting steps may be followed by conventional stirring. In 
particular, when the fermentation includes step (B-2) of fermenting under static conditions, it is preferred to stir the 
fermentation product after termination of the fermentation. 

ss [0032] The methods for producing whey containing an ACEI peptide of the present invention include, following the 
above production of the fermented milk, the step of subjecting the resulting fermented milk to centrifugation and/or 
filter pressing to separate and recover whey. 

[0033] The centrifugation of the fermented milk maybe carried out in a centrifuge. For example, it is preferred that 
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the centrifugation is carried out continuously at the revolution speed of about 2000 to 10000 rpm. The filter pressing 
may be carried out in a filter press. It is preferred that the filter pressing is carried out under the pressure of 2 to 8 kg/cm 2 . 
[0034] The fermented milk or whey containing an ACEI peptide obtained by the present methods may be used as 
fermented milk beverage or milk whey beverage. Further, the whey containing an ACEI peptide may be subjected to 

s treatment such as deacidification, desaltation, concentration, isolation, and the like, for preparation of liquid products; 
or to drying and powdering treatments for preparation of products in the form of granules or tablets, 
[0035] Si nee the methods for producing fermented milk containing an ACEI peptide of the present invention include 
fermentation under stirring, fermented milk with high ACEI peptide content can be produced efficiently. Further, the 
methods for producing whey containing an ACEI peptide of the present invention include the steps of fermenting under 

10 stirring to prepare fermented milk, and subjecting the resulting fermented milk to centrifugation and/or filter pressing 
to separate and recover whey. Thus, whey with high ACEI peptide content can be recovered efficiently. Therefore, 
these methods facilitate production of products containing an ACEI peptide, and are remarkably effective in industrial 
point of view. 

[0036] The present invention will now be explained in detail with reference to Examples and Comparative Examples. 
is However, the present invention is not limited to these. 

Comparative Example 1 

[0037] 900 g of powdered skim milk (manufactured by YOTSUBA MILK PRODUCTS CO., LTD.) was dissolved in 
so 91 00 g of water, and the resulting solution was subjected to HTST (High Temperature Short Time) pasteurization at 

90 °C for 1 minute. The pasteurized solution was cooled down to the room temperature, inoculated with 300 g of 

precultured Lactobacillus helveticus CM4, and stirred to make a uniform mixture. The mixture was then fermented 

under static conditions at 34 °C for 25 hours, to thereby obtain fermented milk curd (a) in the form of a contiguous gel 

with the lactic acid acidity of 2.06 wt %. 
25 [0038] Next, the obtained fermented milk curd (a) was stirred and then placed in a centrifuge (manufactured by 

HITACHI LTD., 20PR52), which was operated at 3000 rpm for 10 minutes to remove curd fraction and recover 2.5 kg 

of whey. 

[0039] The viscosity and ACEI peptide content of the fermented milk curd (a) were measured under the conditions 
below. The results are shown in Table 1 . Further, the fermented milk curd (a) was stirred, and the particle size of the 
30 curd pieces was measured with a particle size analyzer (LA-920 manufactured by HORIBA LTD.). It was found that 90 
% of the curd pieces had a diameter of not larger than 47 urn, and the arithmetic mean diameter was 27um. 

Viscosity Measurement 

35 [0040] The viscosity was measured with VISMETRON viscometer (manufactured by SHIBAURA SYSTEM CO., 
LTD.) at the liquid temperature of 25 "C, revolution speed of 60 rpm, using rotor No. 2 for medium viscosity. The duration 
of measurement was 60 seconds. 

Measurement of Val-Pro-Pro and lle-Pro-Pro Contents 

40 

[0041] About 1 ml of fermented milk curd (a) as it was, was placed in an experimental centrifuge, which was operated 
at 15000 rpm for 1 0 minutes to collect the supernatant. 0.3 ml of the obtained supernatant was subjected to adsorption 
on Sep-Pak Cartrige (manufactured by WATERS CO.), followed by washing with distilled water. The adsorbed material 
was eluted with 5 ml of methanol, and dried in a centrifuging concentrator under reduced pressure. The obtained dried 
45 product was dissolved in 0.3 ml of a 0.05 % Trifluoroaceic acid aqueous solution, and analyzed by high performance 
liquid chromatography (HPLC). 
[0042] Conditions of Analysis by HPLC 

Apparatuses: HITACHI L4000UV DETECTOR 
so (detection at 215 nm) 

L6200 Intelligent pump 
L5030 Column Oven (35 °C) 
Conditions of Isolation: Flow Rate at 0.5 ml/min. 
Elution Solvent: 0.3 M NaCl, 0.05 % Trifluoroaceic acid aqueous solution 
55 Column: Asahipak GS320 (03.9x600 mm) 

ACE! peptide Content: Content of ACEI peptides was calculated by the following formula since Val-Pro-Pro and 
lie-Pro-Pro have different ACEI activities: 
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Content of ACEI peptides (mg/1 OOg) 
= Amount of IPP (mg/100g) x 1.7 + Amount of VPP (mg/1 OOg) 

5 

Example 1 

[0043] 900 g of powdered skim milk (manufactured by YOTSUBA MILK PRODUCTS CO., LTD.) was dissolved in 
91 00 g of water, and the resulting solution was subjected to HTST pasteurization at 90 °C for 1 minute. The pasteurized 

io solution was cooled down to the room temperature, inoculated with 300 g of precultured Lactobacillus helveticus CM4, 
and stirred to make a uniform mixture. The mixture was then fermented at 34 °C for 29 hours under stirring at 50 rpm, 
to thereby obtain fermented milk (b) with the lactic acid acidity of 1 .88 wt%. The particle size of the curd pieces in the 
resulting fermented milk (b) was measured with the particle size analyzer (LA-920 manufactured by HORIBA LTD.). It 
was found that 90 % of the curd pieces had a diameter of not larger than 30 \im, and the arithmetic mean diameter 

is was 1 8 urn. 

[0044] Next, the obtained fermented milk (b) was placed in a centrifuge (manufactured by HITACHI LTD., 20PR52), 
which was operated at 3000 rpm for 1 0 minutes to remove curd fraction and recover 6 kg of whey. 
[0045] The viscosity and ACEI peptide content of the fermented milk (b) were measured under the same conditions 
as in Comparative Example 1 . The results are shown in Table 1 . Incidentally, the viscosity was measured using rotor 
zo No. 1 for low viscosity, for the duration of 30 seconds. 

Comparative Example 2 

[0046] 1 .5 kg of powdered skim milk (manufactured by YOTSUBA MILK PRODUCTS CO., LTD.) was dissolved in 
25 8.5 kg of water, and the resulting solution was subjected to HTST pasteurization at 90°C for 1 minute. The pasteurized 
solution was cooled down to the room temperature, inoculated with 300 g of precultured Lactobacillus helveticus CM4, 
and stirred to make a uniform mixture. The mixture was then fermented under static conditions at 34°C for 28 hours, 
to thereby obtain fermented milk curd (c) in the form of a contiguous gel with the lactic acid acidity of 2.81 wt%. 
[0047] Next, the obtained fermented milk curd (c) was stirred and then placed in a centrifuge (manufactured by 
30 HITACHI LTD., 20PR52), which was operated at 3000 rpm for 10 minutes to remove curd fraction and recover 100 g 
of whey. 

[0048] The viscosity and ACEI peptide content of the fermented milk curd (c) were measured under the same con- 
ditions as in Comparative Example 1 . The results are shown in Table 1 . Incidentally, the viscosity was measured using 
rotor No. 3 for high viscosity, for the duration of 60 seconds. The viscosity and ACEI peptide content of the fermented 
35 milk curd (c) were measured under the conditions below. 

Example 2 

[0049] 1 .5 kg of powdered skim milk (manufactured by YOTSUBA MILK PRODUCTS CO., LTD.) was dissolved in 
to 8.5 kg of water, and the resulting solution was subjected to HTST pasteurization at 90 "C for 1 minute. The pasteurized 
solution was cooled down to the room temperature, inoculated with 300 g of precultured Lactobacillus helveticus CM4, 
and stirred to make a uniform mixture. The mixture was then fermented at 34 °C for 30 hours under stirring at 50 rpm, 
to thereby obtain fermented milk (d) with the lactic acid acidity of 3,04 wt%. 

[0050] Next, the obtained fermented milk (d) was placed in a centrifuge (manufactured by HITACHI LTD., 20PR52), 
45 which was operated at 3000 rpm for 1 0 minutes to remove curd fraction and recover 6.4 kg of whey. 

[0051 ] The viscosity and ACEI peptide content of the fermented milk (d) were measured under the same conditions 
as in Comparative Example 1. The results are shown in Table 1. Incidentally, the viscosity was measured using rotor 
No. 1 for low viscosity, for the duration of 30 seconds. 

so Example 3 

[0052] 71 2 kg of powdered skim milk (manufactured by YOTSUBA MILK PRODUCTS CO. , LTD.) was dissolved in 
7288 kg of water, and the resulting solution was subjected to plate pasteurization at 92 *C and then introduced into a 
tank (18000 liter tank manufactured by IWAI KIKAI). The pasteurized solution was cooled down to 35 °C, inoculated 
55 with 240 kg of precultured Lactobacillus helveticus CM4, and stirred to make a uniform mixture. The mixture was then 
fermented at 32 °C for 27 hours under intermittent stirring at 50 rpm (by repeating cycles of stirring for 1 5 minutes and 
leaving to stand for 45 minutes), to thereby obtain fermented milk (e) with the lactic acid acidity of 1 .8 wt%. The particle 
size of the curd pieces in the resulting fermented milk (e) was measured with the particle size analyzer (LA-920 man- 
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ufactured by HORIBA LTD.). It was found that 90 % of the curd pieces had a diameter of not larger than 172 urn, and 
the arithmetic mean diameter was 86 u,m. 

[0053] Next, the obtained fermented milk (e) was placed in a nozzle separator (MBUX51 0T-34C manufactured by 
ALFALAVAL, nozzle size 1 mm, flow rate 3500 litter per hour), which was operated at 7490 rpm to recover 61 60 kg of 
s whey. 

[0054] The viscosity and ACEl peptide content of the fermented milk (e) were measured under the same conditions 
as in Comparative Example 1 . The results are shown in Table 1 . Incidentally, the viscosity was measured using rotor 
No. 1 for low viscosity for the duration of 30 seconds, 
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Fomented Milk 


Viscosity (cp) 


Whey Recovery (%) 


ACEl Peptide Content (mg/1 OOg) 




Fermented Milk (a) 


415 


25 


7.1 


15 


(Comparative Example 1) 








Fermented Milk (b) 
(Example 1 ) 


4.5 


60 


9.0 




Fermented Milk (c) 


1832 


1 


10.5 


20 


(Comparative Example 2) 










Fermented Milk (d) 


8.1 


64 


10.8 




(Example 2) 








25 


Fermented Milk (e) 


3.8 


77 


8.6 


(Example 3) 









Claims 

1 . A methodfor producing fermented milk containing an angiotensin converting enzyme inhibitory peptide comprising: 

(A) mixing lactic acid bacteria and a starting material containing milk by stirring to prepare a mixed material, and 
(8-1) fermenting said mixed material under stirring so that curd pieces and whey containing an angiotensin 
converting enzyme inhibitory peptide are generated, 

whereby fermented milk containing said curd pieces and said whey containing the angiotensin converting 
enzyme Inhibitory peptide is produced. 

2. A methodfor producing fermented milk containing an angiotensin converting enzyme inhibitory peptide comprising: 

(A) mixing lactic acid bacteria and a starting material containing milk by stirring to prepare a mixed material, 
(B-1) fermenting said mixed material under stirring so that curd pieces and whey containing an angiotensin 
converting enzyme inhibitory peptide are generated, and 
(B-2) fermenting said mixed material under static conditions, 

whereby fermented milk containing said curd pieces and said whey containing the angiotensin converting 
enzyme inhibitory peptide is produced. 

3. The method of claim 1 or 2 wherein said milk is selected from the group consisting of cow's milk, goat's milk, 
sheep's milk, soy bean milk, skim milk, reconstituted milk, powdered milk, condensed milk and mixtures thereof. 

4. The method of claim 1 or 2 wherein said fermented milk has a viscosity of not higher than 20 cp. 

5. The method of claim 1 or 2 wherein said angiotensin converting enzyme inhibitory peptide is selected from the 
group consisting of Val-Pro-Pro, lie-Pro-Pro, and mixtures thereof. 

6. The method of claim 1 or 2 wherein said mixed material further contains a yeast. 
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The method of claim 1 or 2 wherein said lactic acid bacteria contained in the mixed material comprises Lactobacillus 
helveticus. 

The method of claim 7 wherein said Lactobacillus helveticus comprises Lactobacillus helveticus CM4 (NATIONAL 
INSTITUTE OF BIOSCIENCE AND HUMAN TECHNOLOGY, AGENCY OF INDUSTRIAL SCIENCE AND TECH- 
NOLOGY, Deposit No. FERM BP-6060, Deposit date: August 15, 1997). 

A method for producing whey containing an angiotensin converting enzyme inhibitory peptide comprising: 

subjecting the fermented milk produced by ttie method of claim 1 or 2 to at least one of centrifugation and 
filter pressing to separate and recover whey, is provided. 
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(54) mwn&m mm&mm. mmmmn^xmimmp, 



(57) mm] 

sWmW (Gly-X-Y) , <D^7?Y®mm5 



1 

w--- mm^m^xwrnm^mbx^m, m- 

MM 2 0 , 0 0 0 tTF-CT 5 > WS&itfi ( G 1 y - X - 
Y) . O^^FiM**5 0«»XfiU;d»r*Ct 

[!»*S2] ^*7?>JS#£fc«35-y>fi&}£35 

S*2 0, 0 0 0KTrT5^M12^J* (Gly-X- 
Y) „ mim* V#V-Mtb1tb<DZ5 0 10 

[H3&S3 3 «f>^Jfctt37-y>i»*35 

S#2 0 , 0 0 OKTrr 5 sWmWV (Gly-X- 
Y) „ o^-y'9 KfflfiStl^v^^n^y-fejHtb/cfe© 

©&©% 5 mx&u^Hrra c 4*#m4 -rain*! 
i, 2£tcte3mm<D{mmumh 20 

HURB5 ] mcq 1,2,3 S^«4tsm©f£KJltt 

ss»£o . 0 0 5wa%&±&tsztzftmbTz& 
itnei n-v-ttKJtftji. F*-f**>jB. * 
* a c 4 4 sit&9 5 a»ofiSiStt«-m 

Sil*S5fElS©ffiJSMI4^SiJ. 30 
[ItiPI 9 ] it«31 1 . 2 , 3S?ctt4 IBi(©igin^tt 

ff&*g$ 0.005 mm%&±%ts c t &am 4 * 5 e 

[JMOIFMWNH] 
[0 00 1 ] 

iC^^"S D 40 
[0002] 

[&*©»j] A<$£«t»cffi-?7c&, Sfcfct, HL< 

f&S, *T -f ftttftfc 4«* ©'fklE.a^E^IWnWN 

msn-c^o. ctxe©^<iciKSMM^©^{fc 
ft»t j: o -cms u tcftms&m ^htix^i, 37- 

mtm<s m^otec ttc< ri> 50 



#H 2001-163799 
2 

*? 1 #t§ c vm n 4 1>5 swca-^* r k < «r § ft s 

[0 00 3] 

B*Brt?fcSiafc{cTO©-3£%fc4*-3-c*j'3, si&t 

«Sfc3 Afc 1 A©«^-C{5[e.^©T Wl^*-giE.&£fe 

oXt>5£$*«to*vr!ir»$. c©«fc 5&7 twi<=f-S 

^©if sa^^r^ic b-c, rnm/r \y^vi^m 4 

A/ 4'&l> 4#;L 6ftTUft-¥3 ?■ n <v - b 
XhTi-y a 5*S/-&2©BfJUf *5i*ec-r 

B>KKTS^95&^« 1 9 9 O^ftCCAoTfre® 
*rffca3n*J;5{Cft-5T:*fe (Kelso, 3.M.#, J.A1 
lerqy CI in. Immunol . , 91#, 867 - 872H, Sakaguchi , 
uMJSSk • • &S,26®, 48 - 50H#JS> . 
[0004] 3 7-y>4»%*75 i >©ffe{CffiSSlJ4 bX 

-ffibtcm>htix^2>&<btbx&. if')-kv>, y' 

tCjpiT*ffi-C«-fe5 5 F*>&S8ilTti,»*J» J> £157 

?«SE*SH5^C 4(c^Hf S4HtohS»tt, 7^ U 
VC13«|4^^% 4"©BJ^fflj65f g fttl vs . 

[ o o o 5 ] § e-tcia^, km. sum x h ux&£ 

©^WSH^DSJic ± S^»©^b& 4©i%S<J5li«c J: 
9 F7-YX^> > «UUL m^ft> TH?-ttRj«*ac 

4^iijd t rfc , c n 6 *ss^f«s t^mmt> X 
[ o o o 6 ] « cr, . irie© «c 5 !&*ts 

«Tfc€^c4-c, sasttt#tt<. a*-y>**fflj* 

«n&7 s y«Hawr*« (Gl y-X-Y) 
L-fc^S^B* 1 1,000 JWT©^7'^ Fie^*J«JR 

Prff6h4C4*JltttJ0fe (#lfW7-82299f-4> 
IE) . 

[0007] sesc, *f%Bj#esa. mmftzntxtt 

*Sm, ±IESjiIg«c3FF©x*'&Jn^.SC4T? 1 
ft 1,000 «T©^7"? F.?£»t?*< . iHfi/71'Jl' 
yvtt^H&JcjSS&tJ, ^-T-SMSj 1,000 ~ 20,000 

©lEffl k * 5 ^ y'9 m&m h (waw $> s 1 4 * 
Mfflu/co {:©<aswtt^^ F«a*«, fE3i5©-fe*7 



(3) 

3 

[0 0 0 8 ] WLW, 3-7-y>4>-fe*5? 
>©«S^tt. ffi^b^frKoftif <&&£#* 

#ffl¥9-17619e^SfgteJ;(>*#lfWll-12196#&^iC^ 
2 0,0 0 0«T©^7> FJOfflMcMBN 

[0009] *^», c©j: ^ &p«m&£Mfc-f s?c 10 

[0010] 

#20, ooo «t© 4>©r- & , 
[0 0 1 1 3 *«, *»W«:«SiSKlHttfiBa»ltt, 

#5 ? > fc» 3 7 - y >SE»4 27^t- H2»^ 

%I^TiS*HC^II0ti6h5, #TS#2 0, 0 
0 OWTfTS /KiB9iJ*i (G 1 y-X-Y) „ <D^v' 

S. 7? v®fe?ij© (Gl y-X-Y) „ ©5£T. Xfe 
«fctf Y«G l y m<DiZM<DT 5 «, «*.«, P 
ro^HyptM, n»g«afre**. 
[0012] *^BJ{C^5{gfrtiltt«ilS'J«, B?ie^7' 30 

iwbswj«. Sffia^7> Y-Mimz-? j ?v*>7'-tMt 

saw*n--i, 2Sfc«3©4>©%5ssi%e(±^-r 
[0013] *im<cfl»ffi^l^Hffli«. irfafflS 

jfte£SM* 0.0 0 5 aS%JK±S?yC £ *W®it? 

s. ^mmmzmammmmt, r v tr-it*** 40 
m, F5^+> (Ess) «. ^f-ffl, gc.»us* 
fctt^g/B©x * > ^rfflWSffrc* oti, -fbtta-c- 

Kff SfiRiRtt^flUWtt, ESIWJWi'C* ot «fc l>. 
{fcfifii LTB, ?f iMHfcttft, Sl^bfi£ D a D> SKftfi 
^-^7?»a a D , Tf^bSfaFtK B&W • B^W 

±«Wfctti&. /TWfcttiSk PBfttt 

nD\ PEibltfo, AfgWbffifp&^We.*!, <fc9H 



#H 2 0 0 1 - 1 6 3 7 9 9 
4 

[ooi4] ^Awtcff s^UKttffsna, 
?\ ©l>'#u<. sjs^©as-e^< > &jt©£&t> 

©ffiT b tcHlA & I >»K©^I^I^±K*ffl-C4> 5. 
[0015] *J^<Cffi£4B£Kttfttt& iWBffiiixJl 
ttttHf* 0.00 5 MJfifeLfcAto C £ £#® £ T 
5. fi$UM£fttt& 3»F 
tffctifc. ^BBte&SffiJE^telKWiS, Pi*J-?>©£'© 

[0016] *^B|K^SffiSiMtt«^iJ©ffil6Jf,M*4 

t?*€»-fe , 7^>gs?>*?dS37-y>fiS^tt 1 *k r. 

ft, ttft £©»*©#. B, *fcW*fc£©*iui* 
®S£UTSSR-rsc£3&itr#*. 35i"t- tfWR'K 
{J, Clostridium histolyticum, Streptomyces parvulu 
sft£*©*M. llteSffi*SW3:SM^£*i3fe-C. 35- 

y^nmoTs. smmm-. (cny-x-v) „ ©i"j^>© 

WKK^W»«c £'©ft©«#:* 6 mtmstfC 

m£$&x®%ftfc&&rm&wzK*zmmv> mm 

<MHM*litt*#f * 3 * >lHS*ffll,»-Cfc Jfcli 
[0017] *S8SKfctf537^'t-«I^fffl-r 

as. 6s»3hfc 3 ^y^-**** 

fife©SfiH^S^- (7'afr-f) ^SALt 

*©-fe*7 9 1 >Bg^& *> 3 5 - y>f&fmft<Dm&w 

(b»«PSntU*ofc5, fe*59 : '>*SW3:3 5— ir*> 
@# *©^*BB*«: J: o r^MWic^ § hf 
b^^fcfc. ffiM§nr< F>ffiRS®© B B B H*5fi 

-HOBR©«K«:oi>rB. ^©SH#Mtt£*{c+^ 

tools] 3 7 yt-«a, sSii©iffJ-c«fflL.T 
fe^*tlSK^S*-£»t^tt{b# 

[0019] cnt. (a) - (c) (Dumckzmg.? 
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[002 0] J: #|PJlK&£<gK)Itt#iI 

*©bk*£< tztcmcmmtevtr'-f-mmzm 

$m?ZCtft-C%6. fftfeS, a^yt- «B«* 
F ^-.rt/ft £{C*g-§- g #, *o?F^77^-ffl 

®ft s ? ? >?e«* 5 t> d &t»«0t© 

[ 0 0 2 1 ] «T> JQfcWKi D*l69!*#i1IK:ilMBT 
35- ^tfcfc©-^? Ffflf&I^SilMi bT&ffl-f 
[0 02 2 ] 

q£ 1,000 ml© 20 mM Tris-HCl^fftig (pH 7.4) /0.1 

^fi?iS©Sl^t^«, 100 mq (035^-^ 
< 7 V> F>m typel V*6flWUfciWBflEfi) * 
50 g ©* (fttWKtK) K2SHBBBH*ffi 30 

t^-Cifg^s-a-csjisSLfc., Ji^ro^stt^fi^© 

280 nm {£*50^«®56e©gE{fc%si«JU-C»aiLfc*!, 
9 9%«±©S^-Ca&-5?c„ flfrJBH. #I!5E{tS^£ 
*5Ai*7A©|8I(C pH •fe>-^-^:^gL/t2JiS;©* 



20 



(4) 1^2 0 0 1 - 1 63 7 9 9 

6 

**7.Aa'^ ^yTJ'^-fCjS^b, 20 mM Tris-HCl 
Siiit (pH 7.4) /0.1M NaG • W-m 

•ffc^forc, pH ©jKEJ/^f-Att. C©23K#-7A 
©#5AB8K:iS:gl,7c pH-fe^-^-ft^^DUT, 

SB^TftS^a-^eiiW Tris MW^giA-rs~> 

[0023] jLErer* e.nfcis«ffin 
JJEia-tWil § hfcsrs 2 as;©3 7 f-f- « 

o/c C©Pal 50 ~ 80 ml iC, 

A©i£gW 39 ± l °Cicn> Ma-;Hyfc. (2 

0.45 Mm ©7 -< "CiHl%fi : -3&. 

[0024] commzxyv- ?u (.ms&iss) 
ti^tifct, yjums as** : * 

X 30pq, 7r;Uv->TttM) ^ffllr^y^aBSS. & 
£t>tt ODS *5A (^XA^-frS) £Jm>fc3£ffl 

S'C»B^F« ft 20,000 tCF©-^? Fffll£*I&**l 
*tttt«Lfc. Ch6©-t^K«jjWl». *%Jfcffl'l 

[0 02 5] ±Eiat»6tite*^^ F«d5ft©# 
•T-a^fciSiliBH** P7F>77^:HPLC (S 
^Sff^fttSf LC-10A, #5A : *-/»■ -f peptide) 
TSaSUfc. HPLC*7A's-f>yi* : t/3> 
■T5fr«: 0.2 Mm ©^>7'l^>7^;U5!-T , !!i«*=fT 

5, tH^S ft 20,000 JKT©^^? FH^fcJ:^-?- 
* l.ooo WF<D^9 Fli^co^r, ^py^fn, 
^SSSB, 500 «T©^7"? F©f9£&S'l 

t,C£ tlfott. 
[0 02 6] 
Mil 



m 


M.S. 


5 1,000 a*.?* Y 


£ 500 ID^rf-Y 
<«) 


& 20,000 


3,200 


15.2 X 


5.0 X 


£ 1,000 


S30 


99.8 X 


52.2 X 



[0027] jcMKLmxnhtiic^y^ vmsm, r 

ttt>%, 7>7-S ft 20,000 JiiT©^? - ?- F*SfiS5*feJ; 
y^-?* 1,000 WT©^^^KfflfiS®«:i«igK*6l/te 

2#S©7 5 Fv>»jgffi{c«fc^T^ 
Lfc„ ^©|g*, W^© NH 2 ^ffiiJ©T5y^!i^ 

L, *^BjKJ;5iC5©=i7-^>{C#TOftT5 y 

wmm-e&z (civ-x-Y)„ «sfi*«*i/-ci,»sci*i« 



[0 02 8 ] ±M1M~C%^in-tc^-V'9 tmm (ffiSx 

Mtt«Si?j) ©mMtt/T uji^^om^mtm 

Jb£j5?«fcJ:tf*©tt*«cot>TipT. 
[0029] C-fe'-5?>KMl?f (IgG^-f^) ©S3 
JRD tKfciffBK^Wf^* PBS ic?g»br 
2mg/mlit, 0.22wm ©7 ^ ^^--CjiKi^T-o 

Tx?;l^ a >£§|lB5U 3^©^1J-¥{C 1 m 1 foft 

8*b&. -tosauaia. ^K^^KH^ft©^*^ 



S© 7 n 4 > h ^%±TV * a > h i ifetcsw L-r 
[0030] (•fe7?>$y[Lvi ( i g e £ -f 7') ©ti 

m ^SfeJc^BSft^Hz^^PBSK^LT 
2mg/ml£U 0.22itzm©7 ^ Jl $ ~-X~i&iiMM% 

'<7^tcmwifcim.\k7}\>?.=-<5& (Mum) -cit^s-a-. 

8fci£Lfc , £>© 100/ig/ml iC^SSSU, 3 P©*;l/* ? ]- 
©&!*3K 1 m 1 ?-omiMc. *©4«IHm. |§M$«C b 
xmffi&Zft 3 ~ 5 BmKJaA^^ff fc= 
[003 1 ] C-fe7?>WP^Ay**-^©|g)iS) 25? 

Si^Trgtt{fc§nfc7 5 Wfctf'J^totf-ji/ (ft 

(^^^©•fe'^^^^HS-ftS-ii, 4*fr;b7*s> 

5 >JSfTP -f a y ?}f-;p*#fiE b fc„ 
[0 0 3 2] 

mm i ] cs^aates (tsjutttn- 1 ) ) 

(FI#SJ£CCd:Sin;jltt©#^) ^5f>IWA^ 
-*K. ( 1 ) Mkfl 1 T'#£ft7c#^fi,ft20,00(«T 
©^7> FfflfiEtl (HS&19J 1 ©ffiinJlft^S^l) . 

( 2 ) ^jfefli i -c^enfc^-jii.ooo &,T®^y'? F 

(HlkM 1 ©ffiKMt4MIS>J) , ( 3 ) ftBR^R L-Cf* 
■'Sflfc^T^OO ~7,000 ©3B##j5?HZ7?> (ifc« > 



(5) #H2 0 0 1 - 1 6 3 7 9 9 
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*i) , (4) b y7»i-x7»-c^^)R$#fc^ 

^•Msoo ~i2,ooo©^«-g?-fe'7?> (tt®W teJ:c>* 
(5) Hz'5?-> <Jt«W) . £&200 fogsfiDU 
<K^-C. mii IgG*-f t 1 ©^ if ¥ Jzz>?s$iMtfo2> 
IgEM T - ©*^ y Y Hz 7 3 1 >J/i]fiLM©^-f ft 

200MiSDx.r 37°cr 30 #iaKiE3i*-c. eufttf 
£*9*>iftW<fc©Ktf3RK:iJtf S ( 1 ) - (5 ) &j$ 
&©«£KJ&&?Tfc#&. 

[003 3] »>t, ftjfru Oj^tiWif I g GlKI* 
10 ©Hi^tM^-tf + fy— te* (HRP) SffiBf^ft 

#7tfen-:*-*5/$r*~ fef (HRP) flffill-irft (3* 
•* • ^ # ) * 2 &£j£3 Hffc 0 3 7 "CC 1 S#H£i£ 
& -YAy^'-^cc^Lr^-o-ci^HRPgii^ 
ft©ffitt*a»e-r4 c iw-jt, ( 1 ) ~ < 5 > 

^©SasttteAt/T u;i/y>tt**©iK^SJtv©SK*s 

6^iftfc„ •e©^^2tc^-r„ «2©fes*>6, 

( 1 > * *Cf ( 2 ) ©Xftffl 1 ©fiRJlttS»Jtt> ffi 
W**so 0 , (3) ~ (5) ©i±$£M©fe©#ta 
20 JRtt*W-J-S©K» OTKKtt**b&t,»e i#to* 
5, 

[0034] 
[SS2] 





«• * a 


m ® * 
{%) 




S 20,000 


0 % 




§ 1,000 


0 


assnma-m-v ? ? > 


200 ~ 7,000 


8 . 1 




S00 ~ 13,000 


0 . 6 




<-) 


10 0 



[0 03 5] 

[f*§52] (.%M8.I%7±7 -1 7+v-(Passive Cutan 
eous Anapylaxis:PCA) dKHtt^2 ) ] StM^ffiftJft 
7K«rffil\ hta^Hf^^^JtJfl?*© 1/2 iMR 

IS^J (1/10, 1/20, 1/40, 1/80 , 0/150) *fftS0. # 
Ar©§#iKjflltS 50 yl fcTST^XlloteSDS^? h 

(4-X, sMfift) 2ET-7 (tt4E) ©ItgflSWcaW 

LTt. 24 WfS, C©5 %CO 1 EK, 1 -xmh 

nfc^f-s^2o,ooQ(yT©^7 , 9 1 Fffi^gj (*sswi© 

igfnJlttlSS^J) © 1 mq *$tf 0.6 % x^*>x7il/ 

Hg?8 1.0 mi >£aMJ;0a*tbfc o ^9 K 
^Wc^-r-SHtt^Vhn-^iU-C, 2EB©SD 
7 hfcfcPSiC'HfSf-XD imp *^tf0.6jtx 



/t>^7-^-jgjg i.o ml %g»M«fc'3a*fUfc. 60 

^ne.©^t$^«ij^urc„ 

[0 0 3 6 ] *lJ5£tt, io ram &±& ( + + ) 

40 S/ctt (+ + + ), 9 inn ~ 5 mm% ( + ) , 4 mm ~ 1 
tin i (±) £U SfiilESJftoai.- 1 *^* (-) ib 
fc„ ^©ig|l£^3iC7ST., * 3 ©fem* 6, ^-fe?? 
>©«^. 1 /160 ©#f?^iJ-C D -S ©(CM 

U ^te^Jirff 6ti?c^j||<32o,ooo«T©"^7 - g : - f 
(ffifnlK&ftfiftl J) ©*^iC«. 1 /io©#»?S 

[0 03 7] 
[*3] 
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star* 
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1/ 10 
1/ 20 
1/ 40 
1/ 80 
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< + > 
( + ) 
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Abstract: Processes for producing fermented milk and milk serum whereby fermented milk and milk serum 
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fermented milk containing curd pieces and milk serum containing an angiotensin converting enzyme 
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as to form the milk serum containing the angiotensin converting enzyme inhibitory peptide; and a 
process for producing milk serum further involving the step of centrifuging and/or compression- 
filtering the fermented milk obtained above to thereby separate and collect the milk serum. 
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Title: 

PRODUCTION OF RICE CAKE-LIKE FOOD AND DEVICE THEREFOR 



Abstract: 

PURPOSE:To contrive to produce a food for rice cake close to handmade rice cake 
pounded by a mortar and a pestle, by using a twin-screw extruder having a heating and a 

blending zones and adding a blowing process to introduce a gas in the material at the 
early stage of the blending zone. CONSTITUTION:Glutinous rice or powder thereof is fed 
to a twin-screw extruder 2 and necessarily hydrated and a food for rice cake is 
continuously, extruded through a heating and steaming or boiling zone B while 
transferring in a barrel 1, a heating and humidifying zone C similarly and a blending and 
blowing zone D while transferring from an outlet. A blowing process to introduce a gas 
into a material under pressure by a nozzle 11 at the early stage of the blending zone is 
added to the process. Consequently, a high-quality food for rice cake having a taste 
close to that of a handmade rice cake pounded by a mortar and a pestle can be rapidly 

prepared. 
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STRESS 

Abstract: (EN) Anti-stress drugs which can be continuously administered without any problem in safety and 
relieve or prevent mental and physical symptoms caused by stresses and functional foods having 
anti-stress effects. The drugs contain as the active ingredient acid milks prepared by fermenting 
animal milks by using lactic acid bacteria belonging to the genus $i(Lactobacillus), which the 
functional foods contain these drugs and have anti-stress effects. 

(FR) Cette invention se rapporte a des medicaments anti-stress qui peuvent etre administres en 
continu sans probleme de securite et qui soulagent ou previennent les symptSmes mentaux et 
physiques causes par le stress, ainsi qu'a des aliments fonctionnels ayant des effets anti-stress. Ces 
medicaments contiennent comme principe actif des laits acides prepares par fermentation de laits 
d'animaux au moyen de bacteries d'acide lactique appartenant au genre $i(Lactobacillus), ces 
medicaments etant contenus dans les aliments fonctionnels objets de cette invention qui ont des 
effets anti-stress. 
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Titl©" 

BOAT-FORM TUB-SHAPED PLASTIC SANITARY BODY AND MANUFACTURE 

AND DEVICE THEREOF 

Abstract: 

PURPOSE: To improve the adiabatic efficiency and provide a product of light weight and 
high resistance, by providing an inner layer of a plastics sanitary article with a specific 
wall thickness, and forming the inner layer and an outer layer as the reaction molded 
parts. CONSTITUTION: An inner layer has a wall thickness of at least 1 mm, and a non- 
plastic plastic, for example, a network acrylic resin or an unsaturated polyester is used. 
This plastic can provide not only the chemical stability but also the stability in size of an 
inner shell manufactured as a reaction molded part. An outer layer is made of, for 
example, a plastic foam, and a polyurethane foam resin, for example, is charged to a 

periphery at a back side of the inner shell. To further improve the mechanical 
characteristic, at least a half of a volume of the outer layer is formed by a packed body 
including a hollow body. A material of the outer layer includes the packed body with a 
high volume ratio, so that the the outer layer is hardly shrinked when it is hardened. 
Whereby a screw or the other fastening elements can be drawn out with high stability. 
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Title; 

LACTOBACILLUS HELVETICUS BACTERIUM HAVING HIGH CAPABILITY OF 
PRODUCING TRIPEPTIDE, FERMENTED MILK PRODUCT, AND PROCESS 

FOR PREPA^THE SAME 

There is provided a fermented milk product that contains lactic acid bacteria capable of 

producing a large amount of lactotripeptide and a large amount of active ingredient 
having hypotensive activity and anti-stress effect, and that can be taken pleasantly as 
foods or beverages. Lactic acid bacteria of Lactobacillus helveticus having specific 
bacteriological properties, the bacteria, when cultured in a medium of animal milk 
containing 9wt% solid of non-fat milk, producing tripeptides Val-Pro-Pro and lie-Pro-Pro 

in an amount of 60 mu g in terms of Val-Pro-Pro per ml medium, and the bacteria 
exhibiting extracellular proteinase activity of not lower than 400U/OD590. Lactobacillus 
helveticus CM4 strain (deposited at National Institute of Bioscience and Human- 
Technology Agency of Industrial Science and Technology, deposition number FERM 
BP-6060). A fermented milk product obtained by fermenting an animal milk with these 

lactic acid bacteria. 
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(54) LACTOBACILLUS HELVET1CUS BACTERIUM HAVING HIGH CAPABILITY OF PRODUCING 
TRIPEPTIDE, FERMENTED MILK PRODUCT, AND PROCESS FOR PREPARING THE SAME 

(57) There is provided a fermented milk product that 
contains lactic acid bacteria capable of producing a 
large amount of lactotripeptide and a large amount of 
active ingredient having hypotensive activity and anti- 
stress effect, and that can be taken pleasantly as foods 
or beverages. Lactic acid bacteria of Lactobacillus hel- 
veticus having specific bacteriological properties, the 
bacteria, when cultured in a medium of animal milk con- 
taining 9wt% solid of non-fat milk, producing tripeptides 
Val-Pro-Pro and lle-Pro-Pro in an amount of 60ng in 
terms of Val-Pro-Pro per ml medium, and the bacteria 
exhibiting extracellular proteinase activity of not lower 
than 40OU/OD590. Lactobacillus helveticus CM4 strain 
(deposited at National Institute of Bioscience and 
Human-Technology Agency of Industrial Science and 
Technology, deposition number FERM BP-6060). A fer- 
mented milk product obtained by fermenting an animal 
milk with these lactic acid bacteria. 
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Description 
Field of Art 

5 [0001 ] The present invention relates to novel lactic acid bacteria of Lactobacillus helveticus that can produce a par- 
ticular tripeptide with high efficiency when they are cultured in an animal milk medium and that have high extracellular 
proteinase activity; a fermented milk product containing the lactic acid bacteria; and a method for producing the product. 

Background Art 

w 

[0002] Lactobacillus helveticus has been employed for producing fermented milk for a long time as a typical lactic 
acid bacteria starter for dairy milk products. Lactobacillus helveticus has high proteolytic activity, and particularly, its 
extracellular proteinase having high activity plays an important role in fermentation of animal milk. That is, the extracel- 
lular proteinase digests animal milk proteins to produce various peptide fragments. The produced peptides are further 

15 subjected to the action of peptidases to become peptides of lower molecular weight. It is known that a part of peptides 
produced in a medium due to the action of proteinase enzymes is taken into cells of the lactic acid bacteria and utilized 
as a nitrogen source. It has also been reported that some of the peptides produced in the medium have an inhibitory 
activity against angiotensin converting enzyme (ACE) which causes hypertension. (J. Dairy Sci. 78:777-783(1995)). 
[0003] As peptides for inhibiting ACE activity and suppressing rise in blood pressure, various effective peptides 

20 have been reported, such as those derived from degradation products of milk proteins, soybean proteins or fish meat 
proteins. For example, Val-Pro-Pro and lle-Pro-Pro (abbreviated hereinbelow as VPP and IPP, respectively. These pep- 
tides are collectively referred to hereinbelow as lactotripeptides) are known as peptides having ACE inhibitory activity 
present in a Lactobacillus helveticus-fermented milk. These lactotripeptides have been confirmed to have a strong 
hypotensive effect by experiments using spontaneously hypertensive rat (SHR) (J.Dairy Sci. 78:1253-1257(1995)). 

25 [0004] However, the lactotripeptide-containing fermented milk produced by fermenting animal milk with conven- 
tional Lactobacillus helveticus strains can hardly be taken as it is, because it exhibits high acidity due to a large quantity 
of lactic acid generated as the fermentation progresses. Dilution of the fermented milk results in extreme decrease in 
the content of the lactotripeptides. 

[0005] Thus, it is desired to produce fermented milk with higher content of the lactotripeptides compared to the con- 
st) tent of the lactic acid generated in the fermented milk. With an addition of a small amount of such fermented milk to var- 
ious foods and beverages, products having the function of the lactotripeptides could be prepared easily and provided to 
consumers in an agreeable form to take. However, none of known lactic acid bacteria strains produce the lactotripeptide 
with high efficiency. 

35 Disclosure of the Invention 

[0006] It is an object of the present invention to provide a novel lactic acid bacteria strain which can produce a large 
amount of lactotripeptide with high efficiency with respect to the amount of the generated lactic acid. 
[0007] It is another object of the present invention to provide a fermented milk product which contains the lactot- 
40 ripeptide having activities such as hypotensive activity and expected to have anti-stress effect, and a lactic acid bacteria 
strain capable of producing a large amount of this lactotripeptide and which can be taken pleasantly as foods or bever- 
ages, and a method for producing the same. 

[0008] According to the present invention, there is provided lactic acid bacteria of Lactobacillus helveticus having 
the following bacteriological properties, said bacteria, when cultured in a medium of animal milk containing 9wt% solid 
45 of non-fat milk, producing tripeptides Val-Pro-Pro and lie-Pro-Pro in an amount of not less than 60ug in terms of Val- 
Pro-Pro per ml medium, and said bacteria exhibiting extracellular proteinase activity of not lower than 400U/OD59 0 : 

(Morphological Properties) 

so 1) Shape of Cell; rod, 

2) Motility; none, 

3) Spore Formation; none, 

4) Gram Stain; positive 

55 (Physiological Properties) 

1) Catalase Production; negative, 

2) Indole Production; negative, 
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3) Nitrate Reduction; negative, 

4) Aerobic Growth; facultative anaerobic, 

5) Formation of DL-lactic acid from glucose by homolactic fermentation without formation of gases 

6) Carbohydrate Degradation 

5 

glucose; + 

lactose; + 

mannose; + 

fructose; + 
10 galactose; + 

sucrose; - 

maltose; - 

xylose; - 

rhamnose; - 
15 cellobiose; - 

trehalose; ■ 

melibiose; - 

raffinose; - 

stachyose; - 
zo mannitol; - 

sorbitol; - 

esculin; • 

salicin; -. 

25 [0009] According to the present invention, there is also provided the lactic acid bacteria of Lactobacillus helveticus 
wherein said lactic acid bacteria is Lactobacillus helveticus CM4 strain (deposited at National Institute of Bioscience 
and Human-Technology Agency of Industrial Science and Technology on August 15, 1997, deposition number FERM 
BP-6060). 

[001 0] According to the present invention, there is further provided the lactic acid bacteria of Lactobacillus helveti- 
30 cus having a chromosomal DNA which gives a DNA fragment of 1 5 to 1 7 kb when said chromosomal DNA is digested 
with restriction enzymes Pstl and EcoRI. 

[001 1] According to the present invention, there is also provided a fermented milk product containing a fermented 
milk comprising the aforementioned lactic acid bacteria, and a tripeptide selected from the group consisting of Val-Pro- 
Pro, lle-Pro-Pro and mixtures thereof. 
35 [001 2] According to the present invention, there is also provided a method for producing a fermented milk product 
comprising fermenting a medium containing a food material selected from the group consisting of a peptide, a protein 
and mixtures thereof including sequence Val-Pro-Pro and lle-Pro-Pro, with the lactic acid bacteria. 

Brief Description of Drawings 

40 

[0013] 

Fig. 1 is a photograph showing the agarose gel electrophoresis pattern of chromosomal DNA fragments of various 
Lactobacillus helveticus strains in Example 2. 

45 

Preferred Embodiments of the Invention 

[001 4] The lactic acid bacteria of the present invention belong to Lactobacillus helveticus, and characterized in that 
the lactic acid bacteria produce tripeptides Val-Pro-Pro and lle-Pro-Pro in an amount of not less than 60ug, and prefer- 
so ably not less than 70pg in terms of Val-Pro-Pro per ml medium when cultured in a medium of animal milk containing 
9wt% solid of non-fat milk, and exhibits extracellular proteinase activity of not lower than 400U/OD 590 , and preferably 
not lower than 430U/OD5g 0 . The defined lactotripepfide productivity is an index to distinguish the present lactic acid 
bacteria from conventional lactic acid bacteria of Lactobacillus helveticus. For example, by this index is defined a prop- 
erty of the present lactic acid bacteria to produce, when cultured in animal milk containing 9wt% solid of non-fat milk, 
55 the lactotripeptides in an amount of not less than 60ng in terms of VPP per ml medium, which couid not have been real- 
ized with the conventional lactic acid bacteria. Usually, the lower the content of the solid of non-fat milk in the medium 
for culturing, the smaller the amount of the lactotripeptides to be produced. The higher the content of the solid of non- 
fat milk, the larger the amount of the lactotripepfide. 
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[0015] TTie productivity of the lactotripeptides as the index is measured by the steps of inoculating with the lactic 
acid bacteria animal milk, such as cow's milk, goafs milk, horse's miy<, and skim milks thereof, containing 9wt% solid 
of non-fat milk, culturing the bacteria at 37°C for 24 hours to prepare fermented milk, centrif uging 1 ml of the fermented 
milk at 15,000rpm for 10 minutes, subjecting the supernatant to measurement for the amounts of VPP and IPP, and 
converting the amounts into the VPP amount. Converted amount of the lactotripeptide in terms of VPP is calculated by 
the following equation since ACE inhibitory activity of IPP per unit weight is 1.7 times that of VPP; 

Converted amount of lactotripeptide (u.g in terms of VPP per ml) 
= amount of IPP (ng/mr) x 1 .7 + amount of VPP (ng/ml) 

[001 6] The maximum lactotripeptide productivity is not particularly limited, but can be achieved when ail of Val-Pro- 
Pro and lle-Pro-Pro included as the sequences in the protein of the medium are taken out as the tripeptides by diges- 
tion. 

[0017] The extracellular proteinase activity is measured in accordance with the method of Yamamoto et al. 
(Yamamoto, N. et al. J.Biochern.(1993}1J4, 740) based on the method of Twining et al. (Twining.S. Anal.Biochem. 142 
3410 (1984)), and expressed by defining the amount of enzyme exhibiting 1% fluorescent intensity to be 1 U/OD 590 . The 
upper limit of the extracellular proteinase activity is not limited either, but is usually 800LVOD59 0 . 
[001 8] The present lactic acid bacteria can produce a large amount of the lactotripeptide with respect to the amount 
of the lactic acid generated during fermentation. Thus, fermentation using the present lactic acid bacteria results in a 
fermented milk containing a larger amount of the lactotripeptide compared to a fermented milk containing the similar 
amount of lactic acid prepared with conventional lactic acid bacteria. The lactic acid due to such fermentation is DL-lac- 
tic acid. The amount of the lactotripeptide produced by fermentation with the present lactic acid bacteria is preferably 
not less than 30u.g in terms of VPP per 1 ml of the resulting fermented milk containing 0.01g/ml of DL-lactic acid gener- 
ated during the fermentation. The upper limit of the amount of the lactotripeptide is not particularly limited, but it is pos- 
sible for the bacteria to produce up to about 50ug in terms of VPP per 1ml of the fermented milk containing 0.01 g of DL- 
lactic acid. The amount of DL-lactic acid is roughly proportional to the amount of the lactotripeptide. Therefore, for 
example, when 0.02g of DL-lactic acid is produced in 1ml of the fermented milk, the amount of the lactotripeptide pro- 
duction is preferably not less than 60(ig in terms of VPP. On the contrary, by the fermentation with the conventional lactic 
acid bacteria, the amount of the lactotripeptide is, at most, less than 30ng in terms of VPP per 0.01 g of DL-lactic acid 
in 1 ml of fermented milk. 

[001 9] As an example of the present lactic acid bacteria, Lactobacillus helveticus CM4 strain is deposited as FERM 
BP-6060 at National Institute of Bioscience and Human-Technology Agency of Industrial Science and Technology 
(deposited on August 15, 1997). Lactobacillus helveticus CM4 strain has the following bacteriological properties: 

1 . Morphological Properties 

1) Shape of Cell; rod, 

2) Motility; none, 

3) Spore Formation; none, 

4) Gram Stain; positive 

2. Physiological Properties 

1) Catalase Production; negative, 

2) Indole Production; negative, 

3) Nitrate Reduction; negative, 

4) Aerobic Growth; facultative anaerobic, 

5) Formation of DL-lactic acid from glucose by homolactic fermentation without formation of gases 

6) Carbohydrate Degradation 

glucose; + 
lactose; + 
mannose; + 
fructose; + 
galactose; + 
sucrose; - 
maltose; - 
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xylose; - 
rhamnose; - 
cellobiose; - 
trehalose; - 

5 melibiose; ■ 

raffinose; - 
stachyose; - 
mannitol; - 
sorbitol; - 

10 esculin; - 

salicin; - 



The aforementioned bacteriological properties of CM4 strain are identical with publicly known Lactobacil- 
15 lus helveticus NCDO-099 strain when examined by the method of Mitsuoka et al. (Rinshoukensa 18, 

1 163(1974)). However, as to the following properties, which are not described in Mitsuoka et al., CM4 is clearly 
distinguished from NCDO-099. 

7) Extracellular proteinase activity; not less than 400U/OD 590 

8) Lactotripeptide productivity; production of two sorts of tripeptides (VPP and IPP) in an amount of 60ug or 
20 more in terms of VPP per ml fermented liquid when cultured in a medium containing 9wt% skim milk at 37° C 

for 24 hours 



[0020] The lactotripeptide productivity in 8) is measured using skim milk as solid of non-fat milk. 
[0021 ] The lactic acid bacteria strain of the present invention may be obtained by the following screening and meas- 
25 urement of extracellular proteinase activity. 



(1) Primary screening 

(selection of strain by measurement of high ACE inhibitory activity in the fermented milk) 

30 

[0022] The strains to be screened are cultured in a 9wt% skim milk medium at 37"C for 24 hours. After finishing the 
culturing, the number of the lactic acid bacteria, acidity of the lactic acid, and ACE inhibitory activity are measured. 
Strains producing 1x10 8 cells/ml or more of lactic acid bacteria, and exhibiting acidity of the lactic acid of 1.6wt% or 
more and ACE inhibitory activity of 40 unit/ml or more are selected. ACE inhibitory activity is measured by Cushman 
35 and Cheung's method (Cushman, D.W. and Cheung.H.S. Pharmacol., 2Q 1637(1971)). 



(2) secondary screening 



(selection of strain having high lactotripeptide productivity) 

40 

[0023] The cultured liquids of the strains selected by the primary screening are centrifuged at 15,000rpm for 10 
minutes, and the supernatants thereof are subjected to HPLC for quantifying the lactotripeptide. Strains which pro- 
duced not less than 50ug in terms of VPP per ml are selected. 

45 (3) Measurement of extracellular proteinase activity 

[0024] Each of the strains selected by the secondary screening is cultured in a 9wt% skim milk medium while pH 
thereof is maintained at 6. Sample is taken in the middle of logarithmic growth phase, and admixed with 1 wt% of 
sodium citrate, and centrifuged at 5,000rpm for 10 minutes to harvest cells. The harvested cells were washed with 
so 50mM p-glycerophosphoric acid, and suspended in 50mM Tris-HCI buffer (pH7.8) to adjust turbidity (OD^o) to 1 . Pro- 
teinase activity on the cell surface is then measured. It will be confirmed that the result is correlative with lactotripeptide 
productivity of strains measured in the secondary screening. 

[0025] The lactic acid bacteria strain of Lactobacillus helveticus selected by the above method can be identified and 
distinguished from other lactic acid bacteria strains by, e.g., the aforementioned lactotripeptide productivity and extra- 
55 cellular proteinase activity. 

[0026] The lactic acid bacteria of the present invention preferably has, in addition to the aforementioned lactotripep- 
tide productivity and extracellular proteinase activity, chromosomal DNA which gives a DNA fragment of 15 to 17 kb 
when the chromosomal DNA is digested with restriction enzymes Pstl and EcoRI. Therefore, the lactic acid bacteria of 
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the present invention can clearly be distinguished from other strains of the same species by examining whether the 
strain has the chromosomal DNA which gives such a DNA fragment. 

[0027] The existence of the DNA fragment of 1 5 to 1 7 kb may be confirmed by extracting the chromosomal DNA of 
the lactic acid bacteria in accordance with the method of Leenhouts et al. (Leenhouts, K.(1 990) AppI.Environ.Microbiol. 
56:2726), digesting the chromosomal DNA with EcoRI and Pstl, performing 0.8% agarose gel electrophoresis of the 
digested fragments, and analyzing the resulting electrophoresis pattern. Upon electrophoresis, the existence of the 
DNA fragment is clearly confirmed by subjecting X phage DNA digested with a restriction enzyme Hind III to parallel 
electrophoresis as a size marker. 

[0028] The fermented milk product of the present invention contains, as a requisite component, fermented milk con- 
taining the lactic acid bacteria and the tripeptide selected from the group consisting of VPP, IPP and mixtures thereof. 
That is, the fermented milk product of the present invention contains fermented milk containing the lactotripeptide and 
the lactic acid bacteria, and prepared by fermentation of a medium containing a food material composed of peptides 
and/or proteins including the sequence VPP and/or IPP with the lactic acid bacteria of the present invention. Thus, the 
contents of the lactic acid bacteria and the tripeptide may be suitably selected depending on the sort of the fermented 
milk product to be prepared. The present fermented milk product may contain the obtained fermented product itself, a 
diluted fermented product, or a purified fermented product. 

[0029] The fermented milk product of the present invention contains DL-lactic acid generated during the fermenta- 
tion. The fermented milk product of the present invention preferably contains the lactotripeptide in an amount of 30 to 
50 ng in terms of VPP with respect to 0.01 g of the DL-lactic acid. The amount of the DL-lactic acid is roughly propor- 
tional to the amount of the lactotripeptide. Thus, if the fermented milk product contains a concentrated fermented milk 
and contains, e.g., 0.02g of the DL-lactic acid, the amount of the lactotripeptide is preferably in a range of 60 to 100ug 
in terms of VPP. If the fermented milk product contains a diluted fermented milk and contains, e.g., 0.005g of the DL- 
lactic acid, the amount of the lactotripeptide is preferably 1 5 to 25ug in terms of VPP. Although the fermented milk prod- 
uct of the present invention may contain L-lactic acid, which is a food additive for adjusting acidity, this L-lactic acid is to 
be distinguished from the DL-lactic acid generated during the fermentation. 

[0030] The lactic acid bacteria in the fermented milk product of the present invention may be either sterilized after 
fermentation, or kept alive without sterilization. 

[0031] The fermented milk product of the present invention may be yogurt, milk-containing acidified beverages, 
cheese, processed foods containing fermented sour milk, and healthy foods containing fermented sour milk. Thus, the 
fermented milk product of the present invention may contain, in addition to the fermented milk as the requisite compo- 
nent, various materials which are usually added for producing such a variety of products. The fermented milk product 
of the present invention may be in the form of solid such as powders, granules and tablets, or of fluid such as paste, gel 
and liquid. 

[0032] The method for producing the fermented milk product of the present invention includes fermenting with the 
lactic acid bacteria a medium containing a food material selected from the group consisting of a peptide, a protein and 
mixtures thereof including Val-Pro-Pro and/or lie-Pro-Pro as a part of its sequence. 

[0033] The food material in the medium may be of any kind as long as it contains peptides and/or proteins including, 
as a part of their sequence, VPP and/or IPP. For example the food material may be animal milk, milk casein, corn, corn 
protein, wheat, wheat protein, soybean, soybean milk, de-fat soybean, soybean protein, or mixtures thereof. Particu- 
larly, it is preferable to employ a food material containing animal milk such as cow's milk, goat's milk, horse's milk, or 
sWrri milks of these. The content of the solid of non-fat milk in the animal milk is not particularly limited, but is usually 5 
to20wt%. 

[0034] There is no particular limitation on the amount of the lactic acid bacteria with which the medium is inocu- 
lated. The inoculation amount is usually about 1 0 5 to 1 0 7 cells of the lactic acid bacteria per 1 g of the aforementioned 
specific food material in the medium. 

[0035] The fermentation may be performed at 25 to 50° C and preferably 30 to 45° C, for 6 to 30 hours and prefer- 
ably 10 to 24 hours, in the pH range of preferably 3.0 to 4.0, and more preferably 3.0 to 3.5. 
[0036] The fermentation is preferably performed such that the amount of the lactotripeptide is not less than 60ug in 
terms of VPP per ml of the resulting fermented milk. Specifically, when cow's milk containing 9wt% solid of non-fat milk 
is employed as a medium, fermentation at 25 to 40° C for 12 to 48 hours results in a fermented milk containing the lac- 
totripeptide in an amount of not less than 70ug in terms of VPP per ml. The content of the solid of non-fat milk in the 
medium is roughly proportional to the lactotripeptide to be produced. For example, if the food material contains 5wt% 
solid of non-fat milk, the fermentation in accordance with the aforementioned conditions would result in production of 
the lactotripeptide in an amount of about 33.3 |ig in terms of VPP per ml. 

[0037] The fermented milk obtained by the aforementioned fermentation may be admixed with the product as it is. 
If necessary, the fermented milk may be subjected to dilution or purification before mixing. The fermented milk may be 
cooled and stored at 5°C, and then admixed with other components to prepare a product such as a chilled product. 
Alternatively, the fermented milk may be subjected to heat sterilization treatment, and, if necessary, powdered by spray 
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drying to prepare a product for distributing at an ordinary temperature. 

[0038] Since the fermented milk product of the present invention contains the fermented milk obtained by fermen- 
tation with the lactic acid bacteria, it can be used to prepare easily products having high content of the lactotripeptide 
with respect to the content of the lactic acid, in an agreeable form to take. The fermented milk product is expected to 
5 exhibit hypotensive effect and anti-stress effect of the lactotripeptide when taken by human being. 

[0039] Since the lactic acid bacteria of the present invention can produce a large amount of the lactotripeptide by 
culturing them in the specific food material, the bacteria are useful in producing a variety of fermented milk products, 
functional foods, healthy foods, foods for specified health use, foods for specified use for elder people, and the materials 
thereof, having hypotensive effect and stress-relieving effect of the lactotripeptide. 

10 

Examples of the Invention 

[0040] The present invention will be explained more in detail hereinbelow referring to the Examples, but the present 
invention is not limited thereto. 

15 [0041 ] Among the Lactobacillus helveticus strains used in the Examples, CM4 strain is deposited at National Insti- 
tute of Bioscience and Human-Technology Agency of Industrial Science and Technology and has been accorded 
accession number FERM BP-6060. ATCC15009, NCDO-099, JCM1006, ATCC10797, JCM1062, JCM1 103, JCM1 120 
and JCM1004 are publicly available strains. Strains other than the above strains used in the Examples are selected 
from strain collection of the applicant. 

20 

Example 1 

(Selection of strains giving fermented milk having high ACE inhibitory activity) 

25 [0042] 36 strains of Lactobacillus helveticus isolated from various dairy products were screened. ACE inhibitory 
activity of milk fermented with each of the strains was measured by the following procedure. Each of the Lactobacillus 
helveticus strains was cultured in a 9wt% solid of non-fat milk medium at 37° C for 24 hours. The cultured medium was 
added to a fresh medium of the same type in such an amount that the new medium contains 3wt% of the cultured 
medium. Fermentation was further performed at 37° C for 24 hours. Afterf inishing the fermentation, acidity of lactic acid 

so (wt%), the amount of the peptide in the whey (mg/ml), the number of cells and ACE inhibitory activity (U/ml) were meas- 
ured. The results are shown in Table 1. 7 strains out of 36 strains had very weak fermentation ability. 15 strains pro- 
duced fermented milk with the acidity of the lactic acid generated of not less than 1.6 wt%. Out of the 15 strains, 8 
strains having ACE inhibitory activity of not less than 40U/ml whey in its fermented milk were selected. 

35 (Measurement of ACE inhibitory activity of fermented milk) 

[0043] ACE inhibitory activity was measured in accordance with Cushman and Cheung's method (Cushman.D.W. 
and Cheung.H.S. Pharmacol., 2Q 1637(1971)). That is, each of the fermented milk was centrifuged at 15,000rpm for 5 
minutes to obtain the supernatant (whey). The whey was suitably diluted for measurement. 80u1 of the diluted whey was 

40 put in a tube, admixed with 0.2 ml of 0.1 M boric acid buffer (containing 0.3M NaCI, pH7.3) containing 5mM hippuryl his- 
tidine leucine (Hip-His-Leu, manufactured by SIGMA CHEMICALS CO.) as a substrate, and further admixed with 20nl 
of enzyme solution (0.1 U/ml, manufactured by SIGMA CHEMICALS CO.). The resulting mixture was reacted at 37°C 
for 30 minutes, and then admixed with 250u.l of 1 N hydrochloric acid for terminating the reaction. Subsequently, the mix- 
ture was admixed with 1.7ml of ethyl acetate, stirred for 20 seconds, and then centrifuged at 3,000rpm for 10 minutes 

45 to recover 1 .4ml of ethyl acetate phase (upper phase). The upper phase was heated at 1 20°C for 40 minutes to remove 
the solvent, admixed with 1ml of distilled water, and stirred for about 20 seconds. The hippurylic acid extracted was 
measured for absorbance at 228nm. The enzyme activity in unit was calculated by the following equation with the 
amount which gives 50% inhibition of the ACE activity being defined as one unit. 

so Amount of the enzyme (unit)=((A-B)/(A-C))x1 00X1/50 

A: Absorbance at 228nm without sample 

B: Absorbance at 228nm with sample 

C: Absorbance at 228 without enzyme nor sample 

55 

(Quantitative analysis of amount of peptides in the fermented milk) 

[0044] Quantitative analysis of the peptides was performed in accordance with OPA method (Charch.F.C. et al. 
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J.Dairy Sci. gg 1219(1883). As a standard substance for generating a calibration curve, casein digested with trypsin 
was employed. 



Table 1 



15 



25 



35 



Strains 


Acidity (wt%) 


Amount or Peptides 
(mg/ml) 


iNumuer ox \jB\is 
(xK^celis/ml) 


nuc inniuiiury aGiiviiy^u 
/ml) 


strain 1 


m 


_ 




_ 


strain 2 


_ 


_ 






strain 3 




_ 


_ 


- 


strain 4 








_ 


strain 5 




_ 


_ 




strain 6 




_ 


_ 


_ 


strain 7 




_ 


„ 




strain 8 


0.498 


1.59 


0.29 


26.4 


strain 9 


2.022 


1.99 


9.53 


34.5 


strain 10 


1.709 


2.10 


8.53 


24.5 


strain 1 1 


0.615 


1.76 


1.28 


29.1 


strain 12 


0.411 


1.35 


0.38 


17.6 


strain 13 


0.917 


1.57 


3.63 


19.9 


strain 14 


1.026 


1.71 


5.78 


9.4 


strain 15 


0.517 


1.59 


0.56 


26.9 


strain 16 


1.532 


4.69 


5.97 


102.5 


strain 17 


2.101 


2.01 


6.09 


98.9 


strain 18 


1.783 


1.94 


5.38 


21.9 


strain 19 


1.955 


1.69 


5.31 


100.6 


strain 20 


2.095 


1.74 


7.16 


61.4 


strain 21 


1.963 


2.03 


6.05 


125.3 


strain 22 


1.798 


2.85 


6.19 


54.2 


strain 23 


1.604 


2.32 


6.81 


36.6 


strain 24 


1.932 


1.77 


7.97 


47.7 


strain 25 


1.885 


1.51 


4.91 


18.3 


strain 26 


1.862 


1.46 


5.69 


26.2 


strain 27 


1.063 


3.01 


2.78 


76.9 


strain 28 


0.457 


1.98 


0.50 


52.4 


strain 29 


0.516 


2.55 


1.13 


92.6 


JCM1006 


1.872 


2.35 


6.97 


48.5 


JCM1062 


1.109 


2.60 


8.50 


78.4 


JCM1103 


1.244 


1.36 


3.69 


31.0 


ATCC10797 


1.359 


2.11 


8.56 


13.8 


ATCC15009 


1.454 


1.81 


5.16 


16.6 


NCDO-099 


1.769 


2.76 


6.59 


25.5 
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Table 1 (continued) 





Strains 


Acidity (wt%) 


Amount of Peptides 
(mg/ml) 


Number of Cells 
(xlO^cells /ml) 


ACE Inhibitory activity(U 
/ml) 


5 


CM4 


1.635 


3.12 


4.44 


130.0 



(Selection of strains having high lactotripeptide productivity) 



[0045] Subsequently, the 8 strains which gave fermented milk having high ACE inhibitory activity as selected above 

w were measured for VPP and IPP in their fermented milk. 

[0046] 1ml of the fermented milk was centrifuged at 15,000rpm for 10 minutes. The supernatant thereof, i.e. whey, 
was collected. 0.3ml of the whey was subjected to Sep-Pak Cartridge (manufactured by WATERS INC.) adsorption, 
washed with distilled water, and then eluted with 5ml of methanol. The eluate was dried under centrifugation and 
reduced pressure. The dried product was dissolved in 0.3ml of a 0.05% aqueous solution of trifluoroacetic acid, and 

75 subjected to HPLC (high performance liquid chromatography) analysis under the following conditions. The results are 
shown in Table 2. 

Apparatus Employed: 

20 Hitachi L4000UV detector (at 21 5nm) 

L6200 intelligent pump 
L5030 column oven (35°C) 

Condition of Elution: Flow rate 0.5ml/min. 
25 Eluent: Aqueous solution containing 0.3M NaCI and 0.05% trifluoroacetic acid 
Column: Asahipak GS320 (<D3.9x600mm) 

[0047] Since the ACE inhibitory activity of I PP per unit weight is 1 .7 times that of VPP, the amount of the lactotripep- 
tides in terms of VPP was calculated from the measured amounts of IPP and VPP in accordance with the following 
30 equation. The results are shown in Table 2. 

Converted amount of lactotripeptide (jig in terms of VPP per 
ml)=Amount of IPP (ng/ml)x1.7+ Amount of VPP (ng/ml) 

35 



Table 2 



45 



Strains 


Amount of Peptide (ng/ml whey) 


Acidity (wt%) 




VPP 


IPP 


Amount of lactotripeptide 
in terms of VPP 




Strain 17 


15.2 


11.1 


34.0 


1.5 


Strain 19 


11.2 


7.3 


23.7 


1.4 


Strain 20 


13.0 


8.1 


26.8 


1.6 


Strain 21 


16.6 


11.4 


36.0 


1.6 


Strain 22 


15.8 


12.1 


36.3 


1.5 


Strain 24 


12.6 


8.7 


27.4 


1.6 


JCM1006 


12.9 


9.3 


28.6 


1.3 


CM4 


38.5 


23.5 


78.5 


1.9 



55 

[0048] CM4 fermented milk had the largest amount of the lactotripeptide in terms of VPP, that is, 78.5ng/ml whey. 
Other seven strains gave the average amount of 34.2ng/rrH whey. 
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(Measurement of extracellular proteinase) 

[0049] Extracellular proteinase activity was measured of 16 strains which gave relatively good results in fermenta- 
bility shown in Table 1 . Measurement was performed in accordance with the method of Yamamoto et al. (Yamamoto, N. 

5 et al. J.Biochem. (1 993) 114, 740) based on the method of Twining et al. (Twining.S. Anal.Biochem. 1433410 (1 984)). 
That is, each strain was cultured in 9wt% skim milk medium while pH thereof was maintained at 6.0. Sample was taken 
in the middle of logarithmic growth phase, and admixed with sodium titrate so that the final concentration was 1 wt%, 
for clarifying the milk medium. The mixture was centrifuged at 5,000rpm for 10 minutes to collect cells. The cells were 
washed with 50mM p-glycerophosphoric acid, and suspended in 50mM Tris-HCI buffer (pH7.8) to adjust turbidity 

10 (OD 59 o, i.e. measured by absorbance at 590nm) to 1. 30ul of the suspension was admixed with 20ul of 0.4% fluores- 
cein-casein (manufactured by SIGMA CHEMICALS CO.), and incubated at 42°C for 1 hour. The mixture was further 
admixed with 1 20jd of 5% trichloroacetic acid, allowed to stand for 20 minutes, and centrifuged at 15,000rpm for 1 0 min- 
utes. 60|il of the supernatant was added to 3ml of 500mM tris-HCI buffer (pH 8.3), and the fluorescent intensity thereof 
was measured by detecting the fluorescence of 525nm produced at an excitation wavelength of 490nm. Extracellular 

15 proteinase activity in unit was calculated with the amount of the enzyme which exhibits 1% fluorescent intensity under 
the above conditions being defined as one unit. The results are shown in Table 3. 



Table 3 



20 


Strains 


U/OD 590 




strain 17 


136.7 




strain 18 


102.8 




strain 19 


103.2 


25 








strain 20 


89.9 




strain 21 


80.1 




strain 22 


243.3 


30 


strain 23 


116.6 




strain 24 


116.6 




strain 25 


192.6 


35 


strain 26 


108.4 


JCM1006 


185.7 




JCM1062 


96.5 




JCM1103 


176.3 


40 


ATCC15009 


168.1 




ATCC10797 


106.5 




NCDO-099 


229.7 


45 


CM4 


452.6 



[0050] The activity of Lactobacillus helveticus CM4 was the highest, that is, 450U/OD59 0 . Average activity for other 
1 6 strains was 1 41 U/OD590, which is about one third of that of CM4 strain. 

50 

Example 2 

[0051] From 1 1 strains out of 36 Lactobacillus helveticus strains selected in Example 1 , chromosomal DNA was 
extracted in accordance with the method of Leenhouts etal. (Leenhouts, K. (1990) AppI.Environ.Microbiol. 56:2726), 
55 digested with several restriction enzymes, and subjected to 0.8% agarose gel electrophoresis to analyze the electro- 
phoresis pattern. 

[0052] As a result, a characteristic DNA fragment was observed among DNA fragments of chromosome of CM4 
strain digested with EcoRI and Pstl (shown by arrow 1 in Fig.1). Such a fragment was not observed in the fragments of 
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chromosomes from other strains than CM4, and shorter fragments than the characteristic fragment of CM4 were 
observed in most of other strains (shown by arrow 2 in Fig.1). The molecular weight of the characteristic fragment was 
measured by comparative electrophoresis of the Hind III digestion products of X phage DNA as size markers (23.1 kb, 
9.4kb, 6.6kb, 4.4kb, 2.3kb and 2.0kb, in the order of increasing mobility), and was found to be about 1 6kb. Thus, it was 
5 confirmed that CM4 strain has a chromosomal DNA which gives the DNA fragment having molecular weight of about 
16kb, by digestion with EcoRI and Pstl. It was also confirmed that other strains than CM4 have chromosomal DNA 
which give a common DNA fragment having molecular weight of about 13kb. 

Example 3 

10 

[0053] A fermented milk was produced with Lactobacillus helveticus CM4 strain selected in Example 1 . CM4 strain 
was cultured in 1 0Og of 9wt% skim milk at 37°C for 1 2 hours. Subsequently, 3kg of fresh medium was inoculated with 
the cultured skim milk, and cultured at 37°C for 12 hours. After finishing the fermentation, all of the fermented milk 
(number of cells of CM4 strain; 6.3x10 8 cells/ml) was used as a starter for fermentation of 100kg of 9wt% skim milk at 
75 32°C for 20 hours. After finishing the fermentation. 74.8ug/ml of the lactotripeptide was contained in the fermented milk. 
The content of the lactic acid was 1 .9wt%. 

[0054] 43kg of the obtained fermented milk was admixed with 4kg of granulated sugar, 3kg of water and 0.1 5kg of 
high methoxypectin, and homogenized to obtain 50kg of yogurt drink. The yogurt beverage had a preferable mild taste, 
pH of 3.6 and 4.6x1 0 8 cells/g of live CM4 cells. 

so 

Example 4 

[0055] 26.5kg of the fermented milk obtained in Example 3 was admixed with 45.0kg of granulated sugar, 4.7kg of 
high maltose syrup and 1 3.8kg of water. 1 0kg of 3wt% high methoxypectin solution was added to the mixture under stir- 

25 ring. The resulting mixture was homogenized using a laboratory homogenizer (manufactured by ATV GAULIN, INC., 
Model 1 5M-8BA) under a treatment pressure of 1 SOkg/cm 2 and at a treatment flow rate of 2500ml/min. The homoge- 
nized liquid was admixed with a vanilla flavor and sterilized by heating up to 85°C. The fermented milk thus sterilized 
was charged in a 200ml glass bottle while hot. The content of the lactotripeptide in the sterilized fermented milk product 
was measured. It was found out that the content of the lactotripeptide corresponded to that in the fermented milk before 

oo sterilization- It was also found out that the content of the lactic acid was 0.5wt%. 

Claims 

1 . Lactic acid bacteria of Lactobacillus helveticus having the following bacteriological properties, said bacteria, when 
35 cultured in a medium of animal milk containing 9wt% solid of non-fat milk, producing tripeptides Val-Pro-Pro and 
lie-Pro-Pro in an amount of not less than 60ng in terms of Val-Pro-Pro per ml medium, and said bacteria exhibiting 
extracellular proteinase activity of not less than 40OU/OD590: 

(Morphological Properties) 

40 

1) Shape of Cell; rod, 

2) Motility; none, 

3) Spore Formation; none, 

4) Gram Stain; positive 

45 

(Physiological Properties) 

1) Catalase Production; negative, 

2) Indole Production; negative, 
50 3) Nitrate Reduction; negative, 

4) Aerobic Growth; facultative anaerobic, 

5) Formation of DL-lactic acid from glucose by homolactic fermentation without formation of gases 

6) Carbohydrate Degradation 

55 glucose; + 

lactose; + 
mannose; + 
fructose; + 
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galactose; + 
sucrose; - 
maltose; - 
xylose; - 
rhamnose; - 
cellobiose; - 
trehalose; - 
melibiose; - 
raffinose; - 
stachyose; - 
mannitol; - 
sorbitol; - 
esculin; - 
salicin, -. 

The lactic acid bacteria of Lactobacillus helveticus of claim 1 wherein said lactic acid bacteria is Lactobacillus hel- 
veticus CM4 strain (deposition number at National Institute of Bioscience and Human-Technology Agency of Indus- 
trial Science and Technology; FERM BP-6060). 

20 3. The lactic acid bacteria of Lactobacillus helveticus of claim 1 wherein said bacteria have a chromosomal DNA 
which gives a DNA fragment of 1 5 to 1 7 kb when said chromosomal DNA is digested with restriction enzymes Pstl 
and EcoRI. 

4. A fermented milk product comprising the lactic acid bacteria of claim 1 , and a tripeptide selected from the group 
25 consisting of Val-Pro-Pro, lie-Pro-Pro and mixtures thereof. 

5, The fermented milk product of claim 4 further comprising DL-lactic acid, wherein said product contains 30 to 50ng 
of said tripeptide in terms of Val-Pro-Pro per 0.0 1g of said DL-lactic acid. 

30 6. The fermented milk product of claim 4 wherein the lactic acid bacteria of claim 1 are alive. 

7. The fermented milk product of claim 4 wherein said fermented milk product is selected from the group consisting 
of yogurt, acidic milk beverages, cheese, processed foods containing fermented sour milk, and healthy foods con- 
taining fermented sour milk. 

35 

8. A method for producing the fermented milk product of claim 4 comprising fermenting a medium containing a food 
material selected from the group consisting of a peptide, a protein and mixtures thereof including sequence Val- 
Pro-Pro and lle-Pro-Pro, with the lactic acid bacteria of claim 1 . 

40 9. The method of claim 8 wherein said food material is selected from the group consisting of animal milk, milk casein, 
corn; corn protein, wheat, wheat protein, soybean, soybean milk, de-fat soybean, soybean protein, and mixtures 
thereof. 

1 0. The method of claim 8 wherein the fermentation is performed at 25 to 50° C for 6 to 60 hours. 

45 

1 1 . The method of claim 8 wherein the fermentation is performed under such conditions that the amount of tripeptides 
Val-Pro-Pro and lle-Pro-Pro produced in resulting fermented milk is 60ng in terms of Val-Pro-Pro per ml. 



10 



15 

2. 



50 



55 
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administered without any problem in safety and relieve 
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prepared by fermenting animal milks by using lactic acid 
bacteria belonging to the genus Lactobacillus , which 
the functional foods contain these drugs and have anti- 
stress effects. 
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Description 

[0001] This invention relates to an anti-stress agent 
having effects of preventing and mitigating mental and 
physical symptoms caused by stress, and functional 
food containing the anti-stress agent which is prepared 
by adding the anti-stress agent to yogurt, milk-contain- 
ing acidified beverages, cheese, various processed 
foods, healthy foods, powdered foods, or granulated 
foods to give an anti-stress effect thereto. 
[0002] In the modern society, people undergo various 
kinds of stress caused by highly advanced and compli- 
cated scientific technology, or drastically changing 
social circumstances. Particularly, in the international- 
ized society, complex human relationships are formed, 
causing mental stress. It has been reported that a vari- 
ety of symptoms are caused by mental stress. 
[0003] It is recognized that mental stress has a great 
influence on circulatory system. However, the scientific 
concept and definition of stress have not yet been well 
established, so that means of evaluation of stress still 
have many problems, combined with methodological 
difficulties. However, in the recent years, studies of 
stress have been made from the medical point of view. 
[0004] For example, it is reported that when one 
undergoes stress, angiotensins II and/or vasopressin 
increase, and intracorporeal sodium due to sodium rea- 
bsorbancy becomes excess, which causes rise in blood 
pressure (Osamu Mobara et al.: Taisha, 28 , 2, 323, 
1991). However, suffering stress not only causes rise in 
blood pressure, but also influences various factors, such 
that it is believed to cause stomach ulcer, ischemic car- 
diac diseases, cerebrovascular diseases, hypertension, 
hyperlipemia, or the like. Therefore, though the investi- 
gation of the relationship between stress and hyperten- 
sion is of importance, it is not believed that mere 
lowering of blood pressure will bring about the anti- 
stress effect. 

[0005] As an agent for preventing and mitigating men- 
tal and physical symptoms caused by stress, chemically 
synthesized medicaments such as a tranquilizer, an 
antianxiety agent, and sleeping pills are presently used. 
However, these medicaments have habituation and side 
effect problems, so that it is not preferable to use them 
daily for the purpose of preventing, mental and physical 
symptoms caused by stress. Accordingly, foods having 
the anti-stress effect are desired and are under develop- 
ment, which can be taken repeatedly and daily without 
any problems with safety, and which can mitigate and 
prevent mental and physical symptoms caused by 
stress. For example, an anti-stress agent containing as 
an effective ingredient L-theanine contained in tea 
leaves, is proposed in Japanese Laid-open Patent 
Application No. 6-100442, which can be mixed in tasty 
beverages (nutrient supplementary drinks) for daily 
uptake. Further, a stress relieving effect of fragrance is 
also reported (FRAGRANCE JOURNAL1991-11, 44). 
However, there has not been reported that lactic acid 



bacteria-fermented milk has the effect of mitigating and 
preventing mental and physical symptoms caused by 
stress. 

[0006] It is therefore an object of the present invention 

s to provide an anti-stress agent which can fulfill the 
social demand as mentioned above, which can be taken 
repeatedly and daily without any problems with safety, 
and which can mitigate and prevent mental and physical 
symptoms caused by stress; and its use. 

w [0007] It is another object of the present invention to 
provide functional food having an anti-stress effect 
which can fulfill the social demand as mentioned above, 
and which can be taken as food repeatedly and daily 
without any problems with safety; and its use. 

is [0008] The present inventors have made intensive 
studies to find a substance which can fulfill the social 
demand as mentioned above, which can be used in 
food, and which can be taken repeatedly without any 
problems with safety. As a result, they have noticed that 

20 fermented sour milk has a superior anti-stress effect, 
and completed the present invention. 
[0009] According to the present invention, there is pro- 
vided an anti-stress agent containing as effective agent 
at least one fermented sour milk. 

25 [0010] According to the present invention, there is 
also provided a functional food having anti-stress effect 
containing the anti-stress agent. 
[001 1 ] According to the present invention, there is fur- 
ther provided use of the anti-stress agent or the func- 

30 tional food for the manufacture of a drug for the 
treatment of stress. 

[0012] According to the present invention, there is 
also provided a method of treatment of human or animal 
stress comprising oral administration of the anti-stress 
as agent or the functional food. 

Fig. 1 is a graph showing the fluctuation in the 
diastolic blood pressure during the testing period of 
the mental arithmetic test in Experiment 1 in Exam- 

40 pie 1. The ordinate of the graph expresses the 
diastolic blood pressure in mmHg, while the 
abscissa expresses the time in minute. 
Fig. 2 is a graph showing the change in Profile of 
Mood State (POMS) after the termination of the 

45 mental arithmetic test in Experiment 1 in Example 
1. The ordinate of the graph expresses the change 
in POMS score in percent (%). 
Fig. 3 is a graph showing the fluctuation in the 
diastolic blood pressure during the testing period of 

so the mental arithmetic test when the panels were 
given fermented sour milk beverage for one week in 
Exampl e 1 . The ordinate of the graph expresses the 
diastolic blood pressure in mmHg, while the 
abscissa expresses the time in minute. 

55 Fig. 4 is a graph showing the fluctuation in the heart 
rate during the testing period of the mental arithme- 
tic test when the panels were give fermented sour 
milk beverage for one week in Example 1 . The ordi- 
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nate of the graph expresses the heart rate per 
minute in beat/min., while the abscissa expresses 
the time in minute. 

[001 3] The anti-stress agent of the present invention s 
contains at least one fermented sour milk as effective 
agent having an anti-stress effect. The anti-stress effect 
of this anti-stress agent can be confirmed, employing 
the rise in blood pressure, the rise in heart rate, and the 
change in Profile of Mood State (POMS), or the like as ro 
the indices, by determining the suppressing effects of 
the agent upon such rises and changes taken before 
and after the intake of the agent. 
[001 4] As the fermented sour milk contained as effec- 
tive agent in the anti-stress agent of the present inven- is 
tion, lactic acid bacteria-fermented milk is used, of 
which great safety in its repeated daily use has conven- 
tionally been confirmed. The fermented sour milk may 
be prepared, for example, by first preparing a milk-con- 
taining stock solution. 20 
[001 5] The milk contained in the milk-containing stock 
solution may be of animal or vegetable origin. For exam- 
ple, animal milk such as cow's milk, goat's milk, sheep's 
milk, or horse's milk; or vegetable milkf rom soybeans or 
the like, may be used. The milk starting material may be ss 
whole fat or skim milk, whey, powdered milk, and/or 
reconstituted milk. 

[0016] The milk-containing stock solution is not limited 
to a liquid wherein milk is dissolved or suspended and 
dispersed. The stock solution may be a solution-con- 30 
taining material such as paste prepared by mixing milk 
powders or a milk-containing material with water or a 
solution of salts. Additionally, a medium for lactic acid 
bacteria, yeast extracts, vitamins, minerals, sugars, lip- 
ids, flavors, or coloring agents may optionally be con- 35 
tained in the milk-containing stock solution. 
[0017] Subsequently, the milk-containing stock solu- 
tion is fermented with lactic acid bacteria, or symbioti- 
cally fermented with lactic acid bacteria and yeast for 
the purpose of improving flavor of the produced func- « 
tional food, thereby obtaining the fermented sour milk. 
[0018] The lactic acid bacteria are preferably lactic 
acid bacteria of the genus Lactobacillus. For example, 
Lactobacillus helveticus, Lactobacillus delbruekii subsp. 
butgaricus, Lactobacillus acidophilus, Lactobacillus 45 
fermentum, or Lactobacillus casei subsp. casei may be 
used. Specifically, a strain such as Lactobacillus 
helveticus ATCC8205, Lactobacillus helveticus 
ATCC55796, Lactobacillus delbruekii subsp. bulgaricus 
ATCC11842, Lactobacillus acidophilus ATCC4356, so 
Lactobacillus fermentum ATCC14931, or Lactobacillus 
casei subsp. casei ATCC393 may be used. Among 
these, Lactobacillus helveticus is particularly preferred. 
[001 9] The yeast which can be used for symbiotic fer- 
mentation with the lactic acid bacteria may be yeast of ss 
the genus Saccharomyces, genus Candida, or the 
genus Kluyveromyces. For example, a strain such as 
Saccharomyces cerevisiae, Candida utilis, or Kluyvero- 



myces marxianus var. lactis may be used. 
[0020] Culture conditions for fermentation include 
sterilizing the milk-containing stock solution under heat- 
ing, cooling the sterilized stock solution to the predeter- 
mined culturing temperature, and admixing a starter 
consisting of previously cultured lactic acid bacteria, or 
of previously cultured lactic acid bacteria and the yeast, 
to the stock solution. The culturing temperature may be 
20 to 50 °C, preferably 30 to 45 °C, and the culturing 
time may be 3 to 48 hours, preferably 6 to 24 hours. Ter- 
mination of the culture can be determined with the 
number of lactic acid bacteria of 10 s cells/g or more, 
and the acidity of the lactic acid of 1 or higher. The 
amount of the lactic acid bacteria starter to be inocu- 
lated for the culture is preferably 10 5 cells/g to 10 7 
cells/g in terms of lactic acid bacteria with respect to the 
medium. 

[0021] The anti-stress agent of the present invention 
may be in the form of the above cultured solution per se 
containing the fermented sour milk as an effective ingre- 
dient, or in the form of the cultured solution from which 
components other than fermented sour milk and lactic 
acid bacteria have suitably been separated. In either 
case, the lactic acid bacteria or the lactic acid bacteria 
together with the yeast therein are kept alive, i.e., in a 
live form. Alternatively, the cultured solution or the sep- 
arated cultured solution may be sterilized under heating 
up to 80 °C to prepare an anti-stress agent in a steri- 
lized form. Further, the above sterilized or non-sterilized 
cultured solution may be purified to obtain fermented 
sour milk; may be powdered by lyophilizing, spray dry- 
ing, or drying in a drum dryer; or may further be formed 
into tablets using vehicles or carriers. 
[0022] The anti-stress agent of the present invention 
may be administered orally to human or animals at any 
time such as before suffering stress, under stress, and 
after suffering stress, and may be administered even 
daily. The upper limit of the effective dose of the anti- 
stress agent is not particularly limited, and may suitably 
be selected. But the effective dose for sufficiently miti- 
gating and preventing stress is, when the anti-stress 
agent is administered to human, preferably not less than 
0.1 g per kilogram of body weight per day in terms of 
dried product of the fermented sour milk. 
[0023] The functional food having the anti-stress effect 
of the present invention contains the above-mentioned 
anti-stress agent. Therefore, the anti-stress agent con- 
tained therein may be in the form of the cultured solution 
per se as mentioned above or after the suitable 
processing, with the lactic acid bacteria or the lactic acid 
bacteria together with the yeast being alive; in the steri- 
lized form prepared by sterilizing under heating up to 80 
°C; or in the powdered form prepared by lyophilizing, 
spray drying, or drying in a drum dryer. 
[0024] The functional food of the present invention is 
not particularly limited as long as it contains the anti- 
stress agent as mentioned above. The anti-stress agent 
may be added after the food production, during the food 
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production, or at any stage of the food production. Fur- 
ther, the functional food of the present invention may 
suitably contain sugars, proteins, lipids, vitamins, miner- 
als, flavors, or coloring agents in addition to the anti- 
stress agent, depending on the type of the food. 
[0025] The amount of the anti-stress agent contained 
in the functional food of the present invention is not par- 
ticularly limited, but is usually in the preferred range of 
10 to 100 w/w% in terms of fermented sour milk. 
[0026] The functional food of the present invention 
may be in the form of yogurt, milk-containing acidified 
beverages, cheese, processed foods containing fer- 
mented sour milk, healthy foods, or powdered or granu- 
lated foods. 

[0027] The effective amount of the functional food of 
the present invention for mitigating and preventing 
stress is, in the case of human, preferably not less than 
0.1 g per kilogram of body weight per day in terms of 
dried product of the fermented sour milk 
[0028] The anti-stress agent and the functional food of 
the present invention can be used for manufacture of a 
drug for the treatment of stress in the form of solid or liq- 
uid, specifically, in the form of tablets, granules, or nutri- 
ent supplementary drinks. 

[0029] The anti-stress agent and the functional food 
having the anti-stress effect of the present invention 
contain as effective agent fermented sour milk prepared 
by fermentation with lactic acid bacteria. Accordingly, 
they are highly safe, can be ingested repeatedly and 
daily, and have effects of mitigating and preventing men- 
tal and physical symptoms caused by stress. 

Examples 

[0030] The present invention will now be explained in 
more detail with reference to Examples, but the present 
invention is not limited thereto. 

Example 1 

[0031 ] 2 kg of skim milk (solid content of 9 weight %) 
sterilized by heating up to 90 °C were inoculated with 40 
g of a starter of previously cultured Lactobacillus 
helveticus ATCC8205, and cultured at 37 °C for 24 
hours to prepare the secondary starter. Next, 4.5 kg of 
skim milk powders were dissolved in 45.5 kg of water, 
and the resulting solution was sterilized by heating up to 
90 °C and cooled down to the room temperature. Then 
the solution was inoculated with the secondary starter, 
and cultured at 37 °C for 24 hours to obtain about 52 kg 
of fermented sour milk. After sterilizing the fermented 
sour milk at 80 °C for 1 0 minutes by heating, Aspartame 
(trade name, manufactured by Ajinomoto K.K.) was 
admixed to the fermented sour milk in an amount of 
0.04 weight % of the total weight for facilitating drinking, 
thereby obtaining an anti-stress agent. As to the 
obtained anti-stress agent, the following experiments 
were conducted. 



Experiment 1 

[0032] The above mentioned anti-stress agent and a 
control consisting of a mixture of skim milk and lactic 

s acid of the same concentration as the fermented sour 
milk, were given as a drink to fifteen (15) panels of 
healthy individuals (7 males, 8 females, age of 24 to 32), 
and mental arithmetic test as described below was con- 
ducted on the panels. 

10 [0033] The panels were given one of the anti-stress 
agent and the control in an amount of 100 g each at 
6:00 p.m. and 12:00 p.m. on the day before the meas- 
urement, 7:00 a.m. on the day of the measurement, and 
30 minutes before the commencement of the test (1 0:00 

75 a.m.), i.e. a total of four (4) times in a total amount of 
400 g. Then on a different set of days, the panels were 
given the other of the anti-stress agent and the control 
according to the same timetable. The tests were con- 
ducted as a blind test so that the order of doses would 

20 not affect the test results. In order to adapt the panels to 
the testing environment, the panels entered the testing 
room ten minutes before the commencement of the test, 
and calmed down to resting conditions before the test 
was started. When the test was started, the panels were 

SB kept under the resting conditions for fifteen (15) min- 
utes, and then placed under the calculation work for 
thirty (30) minutes from the fifteenth (1 5th) minute to the 
forty-fifth (45th) minute from the commencement of the 
test. During the testing time (from 0 minute to the 45th 

30 minute) , the biood pressure of the panels was meas- 
ured continuously. Further, before the commencement 
of the test and after the termination of the calculation 
work, the panels were evaluated according to Profile of 
Mood State (POMS) method, which can evaluate the 

35 psychological conditions with the passage of time, in 
order to know their psychological conditions. The 
results of the tests were shown as follows: as to the 
blood pressure, by the change from the blood pressure 
in the resting condition; and as to the POMS, by the 

40 change from the points before the commencement of 
the test. The statistical differences were determined by 
paired t-test. 

[0034] The fluctuation in the diastolic blood pressure 
during the testing period (from 0 minute to the 45th 

45 minute) is shown in Fig. 1 . The diastolic blood pressure 
was elevated with the load of calculation work. In the 
case wherein the panels were given the anti-stress 
agent of the present invention, the rise in the diastolic 
blood pressure during loading of the calculation work 

so stress was suppressed. Particularly, at the twentieth 
(20th) minute after the commencement of the test, the 
rise in the diastolic blood pressure was significantly sup- 
pressed as compared to that in the case of the controls 
with the significance level of 5 % (*). 

55 [0035] The results of POMS test are shown in Fig. 2. 
It was recognized that, by comparing the results of the 
POMS test before the commencement of the test and 
after the calculation work, tension and depression 
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tended to be relaxed, fatigue tended to be mitigated, 
and emotional derangement tended to be stabilized, in 
the case wherein the panels were given the anti-stress 
agent of the present invention. In particular, tension was 
significantly relaxed as compared to the controls with 
the significance level of 5 % (*)• 

Experiment 2 

[0036] Four (4) panels of healthy individuals (3 males, 
1 female, age of 25 to 35) were given the anti-stress 
agent as a drink as mentioned above for seven (7) days 
in a row, and the mental arithmetic test was conducted 
before and after the uptake of the anti-stress agent. 
[0037] On the first (1 st) day, the mental arithmetic test 
was conducted on the panels from 10:30 a.m. in the 
same way as in Experiment 1 . Subsequently, the panels 
were given 100 g of the anti-stress agent in the after- 
noon of the same day. From the second (2nd) day 
through the sixth (6th) day in a row, they were given 1 00 
g of the anti-stress agent in the morning and in the after- 
noon. On the seventh (7th) day, the panels were given 
100 g of the anti-stress agent at 7:00 a.m., and the 
same mental arithmetic test as in Experiment 1 was 
conducted on the panels from 10:30 a.m. The results of 
the test were shown by the change in the blood pres- 
sure and the heart rate from their resting conditions. 
The statistical differences were determined by paired t- 
test. 

[0038] The fluctuation in the diastolic blood pressure 
during the testing period (from 0 minutes to the 45th 
minutes) is shown in Fig. 3. The diastolic blood pressure 
was elevated with the load of calculation work. In the 
test after the panels were given the anti-stress agent of 
the present invention for one week in a row, the rise in 
the diastolic blood pressure during loading of the calcu- 
lation work was suppressed as compared to that in the 
test conducted before the panels were given the anti- 
stress agent. Further, the fluctuation of the heart rate 
during the testing period (from 0 minute to the 45th 
minute) is shown in Fig. 4. The heart rate was elevated 
with the load of the calculation work. In the test after the 
panels were given the anti-stress agent of the present 
invention for one week in a row, the rise in the heart rate 
during loading of the calculation work was suppressed, 
as compared to that in the test conducted before the 
panels were given the anti-stress agent. 

Example 2 

[0039] The fermented sour milk prepared in Example 
1 was sterilized under heating at 80 °C for 10 minutes. 
After that, starting materials were mixed to obtain a mix- 
ture having the composition of 75 weight % of the steri- 
lized fermented sour milk, 13.3 weight % of 3 wt% HM 
pectin solution, 3.03 weight % of 30 wt% sodium citrate 
solution, 4.5 weight % of 1 wt% Aspartame solution, 
0.25 weight % of blended flavor, and 3.92 weight % of 



water. The mixture was sterilized by heating up to 85 °C, 
and then charged in brown bottles by 100 g each while 
hot, thereby producing fermented sour milk beverage. 
The obtained fermented sour milk beverage was sub- 
5 jected to the tests as in Example 1 to reveal that it has 
similar effects on blood pressure, heart rate, and 
POMS. 

Claims 

10 

1 . An anti-stress agent comprising as effective agent 
at least one fermented sour milk. 

2. The anti-stress agent of claim 1 wherein said fer- 
15 mented sour milk includes fermented sour milk pre- 
pared by fermenting an animal or vegetable milk 
starting material with lactic acid bacteria of the 
genus Lactobacillus. 

20 3. The anti-stress agent of claim 1 wherein said lactic 
acid bacteria of the genus Lactobacillus are Lacto- 
bacillus helveticus. 

4. The anti-stress agent of claim 3 wherein said Lacto- 
se bacillus helveticus is of a strain deposited with the 

accession number ATCC8205 or ATCC55796. 

5. The anti-stress agent of any one of claims 1 to 4 
wherein said fermented sour milk includes fer- 

so mented sour milk prepared by fermenting an animal 
or vegetable milk starting material with both lactic 
acid bacteria of the genus Lactobacillus and a 
yeast. 

35 6. The anti-stress agent of any one of claims 1 to 5 
wherein said fermented sour milk is in a live form. 

7. The anti-stress agent of any one of claims 1 to 5 
wherein said fermented sour milk is in a sterilized 

40 form, 

8. A functional food having anti-stress effect compris- 
ing the anti-stress agent of any one of claims 1 to 7. 

45 9. The functional food of claim 8 wherein content of 
said anti-stress agent is 10 to 100 WVW% in terms 
of the fermented sour milk. 

10. The functional food of claim 8 or 9 wherein said 
so functional food is in the form selected from the 

group consisting of yogurt, milk-containing acidified 
beverages, cheese, processed foods containing 
fermented sour milk, healthy foods, powdered 
foods, and granulated foods. 

55 

1 1 . The functional food of any one of claims 8 to 10 fur- 
ther comprising a component selected from the 
group consisting of sugars, proteins, lipids, vita- 
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mins, minerals, flavors, coloring agents, and mix- 
tures thereof. 

12. Use of the anti-stress agent of any one of claims 1 

to 7 or of the functional food of any one of claims 8 s 
to 1 1 for the manufacture of a drug for the treatment 
of stress. 

13. The use of claim 12 wherein said anti-stress agent 

or the functional food is orally administered at a w 
dosage of not less than 0.1 g per kilogram of body 
weight per day in terms of dried product of the fer- 
mented sour milk. 
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OVERHEAD PARKING AREA DEVICE 



Abstract: 

PURPOSE:!© sharply reduce a parking cost, by a method wherein suspension beam 
materials and rails are spanned in the upper space zone of a lower stage parking area, 
and elevating and running pallets, a running truck, vertical and horizontal drive means 
are mounted to form upper and middle stage parking areas. CONSTITUTION Suspension 
beam materials 5... and rails 6 and 6 are spanned to stays 1..., erected in lower stage 
parting areas C and C, with a vertical distance therebetween. Elevating pallets 10... 
having vertical drive means D... are hung down from the suspension beam materials 5... 
to form upper stage parting areas A.... A running truck 20 having a horizontal drive 
means E is engaged with the rails 6 and 6, and running pallets 23 and 23 having the 
vertical driven means D... hung down from the rails to form middle stage parking areas B 

and B. 
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Title: 

Method for preparing an antihypertensive agent containing a dipeptide as 

active ingredient 

Abstract: 

A method for producing an antihypertensive agent containing an effective amount of 
dipeptide Tyr-Pro and/or a pharmaceutical^ acceptable salt thereof, the effective amount 

being from 0.05 to 1 0mg/kg body weight/day. 
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Description 

[0001] The present invention relates to an antihypertensive agent containing as an active ingredient a dipeptide 
having antihypertensive effect, which agent may be utilized for medicine, foods for specified health use and healthy 
5 foods, and which agent exhibit the effect even in a small dose. The present invention also relates to a method for 
preparing such antihypertensive agent. 

[0002] Angiotensin converting enzyme (ACE), having close relationship with manifestation of hypertension, exists 
mainly in lungs or angioendothelial cells. ACE is known to exhibit a strong hypertensive effect by cleaving angiotensin 
I produced by renin, to produce angiotensin II, a bioacth/e peptide which causes contraction of a smooth muscle of a 
io blood vessel. In addition, ACE degrades and inactivates bradykinin which has antihypertensive effect. Accordingly, 
ACE has a hypertensive effect, and it is thus believed that blood pressure may be suppressed by inhibiting the activity 
of this enzyme. 

[0003] There have been found substances having ACE inhibiting ability among various natural products or synthetic 
products. Some of such substances have already been putto practical use as an antihypertensive agent. For example, 

's captopril (D-2-methyl-3-mercaptopropanoyl-L-proline) is a well-known synthetic chemical product having ACE inhibit- 
ing ability. However, special attention must be paid at all times to safety aspects of these synthetic chemical products. 
[0004] As natural products, it has been reported that various anti ACE peptides are contained in milk protein, soybean 
protein orfish meat protein. These natural ACE inhibitory substances are proposed for practical use as antihypertensive 
agents having low toxicity and great safety. However, most of these antihypertensive peptide are contained only in 

20 small amount in such natural products and therefore sufficient effect cannot be expected in practical oral intake. In 
addition, most of the peptides do not have strong antihypertensive effect even if the peptides havestrong ACE inhibition 
activity. 

[0005] Recently, a report has been made on two tripeptides having strong ACE inhibiting activity, Val-Pro-Pro and 
lle-Pro-Pro, derived from lactic acid bacteria-fermented milk (J. Dairy Sci. 78:777-783). Further, strong antihypertensive 
25 effect of these tripeptides has been confirmed in spontaneously hypertensive rats (SHR) (J. Dairy Sci. 78:1253-1257). 
However, since the tripeptides is produced by proteinase which is produced by lactic acid bacteria as lactic acid fer- 
mentation proceeds in milk, the resulting amount of tripeptides tends to vary depending on the conditions of fermen- 
tation. It is thus difficult to obtain the tripeptides in a stable amount. 

[0006] It has also been reported that yogurt produced by lactic acid bacteria fermentation of milk as a raw material 
30 has antihypertensive effect (Japanese Laid-open Patent Application No.95-1 23977). However, the active substance 
for antihypertensive effect has yet been unknown. 

[0007] Therefore, it is desired to provide a natural antihypertensive peptide, which is specified as an active substance, 
can be produced in an industrially stable manner, is effective in a small dose, and has greater safety. 
[0008] It is an object of the present invention to provide ah antihypertensive agent to be used for medicines, foods 
35 for specified health use and healthy foods, which is highly safe and is effective in oral dosage, and a method for 
producing the same. 

[0009] It is another object of the present invention to provide an antihypertensive agent which is effective even in a 
low oral dosage, and a method for producing such agent by purifying the above-mentioned antihypertensive agent. 
[001 0] According to the present invention, there is provided an antihypertensive agent comprising an effective amount 

40 of peptides selected from the group consisting of a dipeptide Tyr-Pro, a pharmaceutically acceptable salt of the dipeptide 
Tyr-Pro, and mixtures thereof, said effective amount being from 0.05 to 10mg/kg body weight/day. 
[0011] According to the present invention, there is also provided a method for preparing the antihypertensive agent 
comprising the step of culturing lactic acid bacteria of the genus LactobacillusWfth a medium containing a peptide and/ 
or protein including an amino acid sequence Tyr-Pro, to obtain a cultured liquid containing dipeptide Tyr-Pro. 

45 [0012] The antihypertensive agent of the present invention contains an effective amount of dipeptide Tyr-Pro and/ 
or a salt thereof. The salt may be enumerated by a pharmaceutically acceptable salt, including an inorganic acid salt, 
such as hydrochlorate, sulfate or phosphate, and an organic acid salt, such as citrate, maleate, fumarate, tartarate or 
lactate. 

[0013] The antihypertensive agent of the present invention containing the dipeptide Tyr-Pro and/or the salt thereof 
so as an active ingredient may be produced by a method of treating a food material containing a peptide and/or a protein 
including the amino acid sequence Tyr-Pro with a proteinase, or a publicly known organic synthesis. More preferably, 
the antihypertensive agent may be produced by culturing lactic acid bacteria, preferably lactic acid bacteria of the 
genus Lactobacillus, in a medium containing a peptide and/or a protein including the amino acid sequence Tyr-Pro, 
thereby obtaining a cultured liquid containing the dipeptide Tyr-Pro. That is, the dipeptide Tyr-Pro may be obtained by 
55 cultivation treatment of the medium with lactic acid bacteria, preferably lactic acid bacteria of the genus Lactobacillus. 
[001 4] The lactic acid bacteria of the genus Lactobacillus may include, for example, Lactobacillus helveticus, Lacto- 
bacillus delbruekii subsp. Bulgaricus, and Lactobacillus acidophilus. Of these, Lactobacillus helveticus is particularly 
preferred. 
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[0015] The medium is not particularly limited provided that the medium contains a peptide and/or a protein including 
amino acid sequence Tyr-Pro, and may include mediums derived from various food materials containing animal milk 
proteins such as animal whole milk, skim milk, and casein of an animal milk, and food materials containing vegetable 
proteins such as corn, corn protein, wheat, wheat protein, soybean, delipidized soybean and soybean protein; and 
5 commercially available mediums for lactic acid bacteria such as Briggs liver broth and MRS broth. Further, the medium 
may also be an aqueous solution containing natural food materials containing animal milk proteins and/or vegetable 
proteins including amino acid sequence Tyr-Pro, to which other mediums for lactic acid bacteria, a yeast extract, vita- 
mins or minerals have optionally been added. 

[0016] The culturing of the lactic acid bacteria may be performed by adding pre-cultured lactic acid bacteria starter 
10 to the medium which have been previously heat-sterilized and cooled to the predetermined temperature for incubation. 
The inoculation amount of the lactic acid bacteria starter may preferably be 10 5 to 10 7 cells of lactic acid bacteria/ml 
medium. The temperature for incubation is usually 20 to 50°C and preferably 30 to 45°C. The incubation time is usually 
3 to 48 hours and preferably 6 to 24 hours. Particularly, it is preferred to perform cultivation in the medium having pH 
in a range of 3.5 to 7, more preferably 4 to 5, in order to perform cultivation of lactic acid bacteria efficiently. Further, 
15 it is preferred to perform pH-stat cultivation maintaining pH in a range of 4 to 7. The incubation may be terminated, 
without restriction, when the number of lactic acid bacteria exceeds 10 8 cells/ml. 

[0017] Further, thecultured liquid containing dipeptide Tyr-Pro obtained by the aforementioned method may be cen- 
trif uged, and the resulting supernatant may be subjected to purifying treatment with a reverse-phase resin , for obtaining 
an antihypertensive agent in which the content of the active ingredient, dipeptide Tyr-Pro, is increased. 
20 [0018] The centrifugation may preferably be performed, for example, at 5,000 to 20,000rpm for 1 to 1 0 minutes. The 
centrifugation may also be performed in a centrifugator. 

[0019] The purifying treatment with a reverse-phase resin may be performed by absorption and elution of the dipep- 
tide with a reverse-phase resin, and/or by reverse-phase chromatography, thereby increasing purity of dipeptide Tyr- 
Pro. The absorption and elution with the reverse-phase resin may be performed by, for example, treating the cultured 
25 liquid by a column method or a batch method with a resin such as "Preparative C1 8" (manufactured by WATERS INC.) 
as a reverse-phase resin, and then eluting the absorbed fraction with a polar solvent such as water, methanol, ethanol, 
1-propanol, 2-propanol or acetonitrile, preferably an aqueous solution containing 20 v/v% of acetonitrile, followed by 
evaporation of the solvent, for concentrating dipeptide Tyr-Pro. 

[0020] The treatment by reverse-phase chromatography may be performed, without limitation, by publicly known 
30 reverse-phase high performance liquid chromatography (HPLC). HPLC may be performed by a linear gradient method 
using similar solvents to those enumerated in the absorption and elution with the reverse-phase resin, for obtaining 
dipeptide Tyr-Pro with high purity. The treatment by reverse-phase chromatography may be repeated plural times for 
further increasing the purity of the dipeptide Tyr-Pro. 

[0021] The antihypertensive agent obtained by the method of the present invention is usually a mixture of peptides, 
35 and may contain other peptides than dipeptide Tyr-Pro. For use as foods and drinks, the cultured liquid containing the 
dipeptide Tyr-Pro and/or purified products thereof may be used directly. Alternatively, the agent may be powdered by 
freeze drying, spray drying or drum dryer drying, before use. 

[0022] The effective amount of the antihypertensive agent of the present invention varies depending upon the age 
and condition of a patient, and is in a range of 0.05 to 10mg/kg body weight/day. It is preferable to administer 0.3 to 

40 3.0mg/kg body weight/day. If the dose is not less than 0.05mg/kg body weight/day, sufficient effect may be expected. 
If the dose is not more than 10mg/kg body weight/day, the effect may be exhibited efficiently. 
[0023] The dipeptide Tyr-Pro was orally administered to WKY rats showing normal blood pressure (1 8 weeks old, 
body weight of 320g, n=5) in an amount of 1 0mg/kg body weight/day continuously for one month, and no abnormality 
was found in behavior, appearance, blood pressure and autopsy of the rats. Foods fermented with Lactobacillus bac- 

4s teria have been eaten by human beings for a long time, and it is therefore assumed that Tyr-Pro contained in the 
antihypertensive agent of the present invention has no problem in safety. 

[0024] Since the antihypertensive agent of the present invention contains dipeptide Tyr-Pro as an active ingredient, 
it can reduce blood pressure in significantly low dose, compared with antihypertensive peptides derived from food 
materials reported to date. In addition, the antihypertensive agent of the present invention is highly safe, and thus can 

so be used as medicine, foods for specified health use and healthy foods. 

[0025] Since the method of the present invention includes culturing of lactic acid bacteria in a medium containing a 
peptide and/or a protein, the antihypertensive agent containing as an active ingredient dipeptide Tyr-Pro having great 
safety may be produced easily at low cost from a material such as natural peptides and proteins. 
[0026] The present invention will be explained in further detail with reference to Examples which are given only for 

55 illustration and are not intended for limiting the invention. 
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Preparation Example 1 

[0027] 1 0 kg of a 9 wt% aqueous solution of skim milk powders were inoculated with 300 g of fermented milkfermented 
with Lactobacillus helveticus CPN4 (FERM BP-4835) as a lactic acid bacteria starter. The inoculated solution was 
5 incubated at 37°C for B hours. When curd was formed and the pH reached 4.2, the incubation was terminated and the 
solution was cooled. In the obtained fermented milk solution, 1 .0mg/1 OOg of dipeptide Tyr-Pro was contained. 
[0028] 1 0kg of the obtained fermented milk solution were centrif uged at 1 0.OOOrpm for 1 0 minutes, to retrieve 8.4 
kg of whey. In the whey, 1.1mg/100g of dipeptide Tyr-Pro were contained. 

[0029] L. helveticus CPN4 strain belongs to L helveticus, and was deposited at National Institute of Bioscience and 
10 Human-Technology Agency of Industrial Science and Technology on October 1 7, 1 994, and has been accorded ac- 
cession number FERM BP-4835. FERM BP-4835 has been accepted for deposit under the Budapest Treaty on the 
International Recognition of the Deposit of Microorganisms for the Purposes of Patent Procedure. All restrictions on 
the availability to the public of FERM BP-4835 will be irrevocably removed upon the granting of a patent. 

is Example 1 

[0030] 1 20mg of the whey obtained in Preparation Example 1 were subjected to an absorption treatment through 1 0 
sep-pak cartridges (WATERS INC.), and subsequently to an elution treatment under various conditions shown in Table 
1 with an acetonitrile containing 0.1wt% of TFA (trifluoroacetic acid) (solution B) diluted with an aqueous solution con- 
20 taining 0.1 wt% of TFA (solution A). A sample eluted without absorption and samples eluted under each condition were 
defined as Fractions 1 to 6, respectively. Each fraction was freeze-dried and dissolved in 40ml of physiological saline 
to prepare Samples 1 to 6. 

[0031 ] The obtained whey before fractionation and Samples 1 to 6 were administered to spontaneously hypertensive 
rats (SHR: from CHARLES RIVER JAPAN INC., five rats per group, 20 to 22 weeks old, male) with a stomach sonde 
25 in an amount of 1 ml/animal. The change in the maximal blood pressure after six hours was compared with that of a 
control group to which physiological saline was administered. The measurement of blood pressure was performed by 
tail cuff method using a noninvasive blood pressure measurement apparatus (trade name "PE 300", NARKO BIO-SYS- 
TEMS, CO., LTD.). As a result, a significant antihypertensive effect was observed in Sample 2 as shown in Table 1. 
Therefore, Fraction 2 was found to be active. 
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Table 1 



Sample 


Ratio of Solution B (%) 


Blood Pressure Reduction 
After 6 hours (ASBPtSE) 


Before Fractionation 




-29.6±9.5 *** 


Fraction 1 


not absorbed 


-9.6±5.7 * 


Fraction 2 


0-10 


-22.3±3.2 *** (Active Fraction) 


Fraction 3 


10-15 


-8.1±2.6 


Fraction 4 


15-20 


1.0±6.3 


Fraction 5 


20-30 


-8.8+8.5 * 


Fraction 6 


30-50 


-7.6±5.3 


Control 




1.9±8.1 


(physiological saline) 







';P<0.001,*;P<0.05 



[0032] Subsequently, Sample 2 was subjected to an elution treatment by reverse-phase high performance liqud 
chromatography (HPLC) under the following conditions according to the elution time shown in Table 2, to further frac- 
tionate Sample 2 into four Fractions 2-1 to 2-4. Application amount of Sample 2 in one elution was 1 ml and elution was 
so repeated 15 times . That is, a total of 15ml of Sample 2 was fractionated. 

Pump, L6200 INTELLIGENT pump manufactured by HITACHI LTD.; 
Detector, L4000 UV detector manufactured by HITACHI LTD.; 

Column, WATERS MICROBONDASPHERE 5uC18 manufactured by NIHON MILLIPORE LTD., Tokyo, Japan; 
55 Eluent, Solution A (0.1 wt% aqueous solution of trifluoroacetic acid (TFA)); and Solution B (acetonitrile containing 

0.1 wt% of TFA); 

Gradient, linear gradient from Solution B 0% (Solution A 100%) to Solution B 40% (Solution A 60%) (0 to 60 
minutes) Flow rate, 1 ml/min. 
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[0033] Fractions 2-1 to 2-4 were freeze-dried, and dissolved in 15ml of physiological saline to prepare Samples 2-1 
to 2-4. These samples were orally administered to SHR with a stomach sonde in an amount of 1 ml/animal, and the 
change in the maximal blood pressure after six hours was compared with that of a control group to which physiological 
saline was administered, in the same manner as the above, in order to examine antihypertensive effect. As a result, 
s a-significant antihypertensive effect was observed in Fraction 2-2 as shown in Table 2. Therefore, Fraction 2-2 was 
found to be an active fraction. 



Table 2 





Sample 


Elution Time (min) 


Blood Pressure Reduction 


10 






After 6 hours (ASBP+SE) 




Fraction 2-1 


10.5-16 


-13.0+2.8 " 




Fraction 2-2 


16-19 


-35.0±9.7 *** (Active Fraction) 




Fraction 2-3 


19-23 


-2.8 ±5.3 


15 


Fraction 2-4 


23-29 


-3.6+5.6 




Control 




2.6+.6.0 




(physiological saline) 







;P<0.001,";P<0.01 



[0034] 1 ml of Sample 2-2 was subjected to elution treatment by the HPLC under the same conditions as those of 
the above except following the under-mentioned conditions: 

Gradient, linear gradientfrom Solution B 5% (Solution A 95%) to Solution B 20% (Solution A 80%) (0 to 60 minutes) 

[0035] This elution was repeated ten times, that is, 1 0ml in total of Sample 2-2 was subjected to the elution. 
[0036] Each of the obtained Fractions 2-2-1 to 2-2-5 was freeze-dried and dissolved in 1 0ml of physiological saline 
to prepare Samples 2-2-1 to 2-2-5. These samples were orally administered to SHR with a stomach sonde in an amount 
of 1 ml/animal, and the change in the maximal blood pressure after six hours was compared with that of a control group 
to which physiological saline was administered, in the same manner as the above, in orderto examine antihypertensive 
effect. As a result, a significant antihypertensive effect was observed in Fraction 2-2-2 as shown in Table 3. 



Table 3 



40 



Sample 


Elution Time (min) 


Blood Pressure Reduction 
After 6 hours (ASBP±SE) 


Fraction 2-2-1 


21.8 


-6.6±5.5 


Fraction 2-2-2 


22.7 


-23.0±6.2 *** (Active Fraction) 


Fraction 2-2-3 


24.0 


-9.0±6.5 * 


Fraction 2-2-4 


25.2 


-6.2±6.2 


Fraction 2-2-5 


25.8 


-3.5±4.8 


Control 




2.6+6.0 


(physiological saline) 







— ;P<0.001,";P<0.05 
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[0037] 1 ml of Sample 2-2-2 was subjected to the elution treatment by the HPLC under the same conditions as those 
for treating Sample 2-2 for purifying the sample, and the amino acid sequence thereof from N-terminus was analyzed 
with "Automatic Protein Sequencer PPSQ-1 0 SYSTEM" manufactured by SHIMADZU CO. As a result, it was confirmed 
that amino acid sequence Tyr-Pro was contained. Alternatively, the purified peptide was hydrolyzed with 6N hydrochloric 
50 acid at the temperature of 1 05°C for 24 hours, and amino acid analysis was performed with high-speed amino acid 
analysis system (trade name "Amino Acid Analysis System" manufactured by NIHON BUNKOU KOUGYO Co.). As a 
result, it was confirmed that amino acids Tyr and Pro were contained in equal moles. It was therefore concluded that 
the obtained peptide was a dipeptide having the sequence Tyr-Pro. 

55 Preparation Example 2 

[0038] 1 00kg of a 9 wt% aqueous solution of skim milk powders were inoculated with 3kg of fermented milkfermented 
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